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INTRODUCTION 


The main object of the work presented in this paper was to deter- 
mine the distribution and relation of fiber population, length, breaking 
load, weight, diameter, and percentage of thin-walled fibers on the 
cottonseed in five varieties of American upland cotton (Gossypium 
hirsutum L.). 

Cotton fibers are elongated epidermal cells, or hairs, the cellulose 
walls of which may show a wide variation in thickness on a single 
seed of a selected variety of cotton. Fibers on a single seed also 
usually vary considerably in diameter, length, strength, and unit 
weight. Since a commercial lot of cotton is derived from many seeds 
coming from many plants, it is apparent that the variation ‘of any 
physical fiber property in a commercial sample depends upon the 
variation on single seeds, between seeds, and between plants. Uni- 
formity in any particular fiber property, such as length, is something 
which the cotton breeder looks for in making plant selections. If there 
are inherent differences between plants, the breeder can isolate the 
plants which show relatively high uniformity for the various physical 
fiber properties and thus develop superior strains. The success which 
the breeder may have in making plant selections for fiber properties 
is limited by the degree of variability of these properties found upon 
the seeds of a plant. Thus it appears that investigators need much 
information about the location, the population, and the physical 
properties of fibers on the seed coat. 

Literature on this subject is limited. The author? found that 
the fiber population is sparse at the micropylar end of the seed and 
becomes denser toward the chalazal region, being densest at the base 
and around the point where the vascular bundle separates into pri- 
mary veins. According to Campbell,’ the percentage of undeveloped 
fibers (having thin walls) is highest at the basal end of the seed, 


1 Received for publication March 29, 1940. Technical Paper No. 117, Department of Agronomy, North 
Carolina Agricultural Experiment Station. This paper includes a thesis submitted to Duke University 
in partial fulfiliment of the requirements for the degree of doctor of philosophy, awarded June 5, 1939. 

2 Moore, JERRY H. A STUDY OF THE DISTRIBUTION OF THE FIBER POPULATION ON THE SEED COAT OF 
Gol Libel COTTON AND OTHER TYPES. 1925. [Unpubiished master’s thesis. Copy on file N. C. State 

ol. Libr 

§ CAMPBELL, ROY C. SOME FACTORS WHICH INFLUENCE THE DEVELOPMENT OF THE COTTON FIBER CELL 
WALL. 1926. [Unpublished master’s thesis. Copy on file N. C. State Col. Libr.] 
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becoming lower as the pointed end is approached. He states that 
this fact, together with the previous research on fiber distribution on 
the seed coat, indicates that the percentage of undeveloped fibers 
increases as the density of fiber population increases. Campbell 
concludes that the percentage of undeveloped fibers on a single seed 
or plant may be influenced by variation in fiber length, the area of 
longer fibers being associated with the greater percentage of undevel- 
oped fibers. Koshal and Ahmad ‘ studied the fibers on single seeds 
of Surat and Standard Indian cottons. They report that the mean 
fiber length for fibers at the base of the seed is significantly greater 
than for fibers at the apex of the seed; that the mean fiber weight per 
unit of length and the mean fiber strength are significantly greater 
for the apical than for the basal fibers; that the values of the mean 
fiber lengths, fiber-length distribution, fiber weight, and fiber strength 
are practically the same for the right and the left flanks of the seed 
coat; and that there is a distinct tendency for a high ginning percentage 
to be associated with low percentage differerices between mean fiber 
length of hairs taken from the apex and the base of a seed. 


MATERIALS AND METHODS 


Five improved commercial] varieties of American upland cotton 
bearing a full coat of fuzz hairs on the seed were selected as material 
for the investigations. Previous measurements on these varieties had 
indicated that they show differences relative to certain boll, seed, and 
fiber properties. 

The five varieties were grown at Raleigh, N. C., during the 1937 
season, with two one-row replications for each variety. The va- 
rieties received the same cultural and fertilizer treatment, which was 
similar to that usually given cotton, and the soil appeared to be uni- 
form. Therefore variation caused by environment was probably not 
important. The planting plan is given in table 1. 


TABLE 1.—Planting plan of the five cotton varieties grown for the fiber distribution 
and correlation studies 


Series | | Row || _ Series 


No. | Variety | No.! || No. Variety Now 
| {Mexican 128...__.___.- 1 i{Mexican 128........-.-- mS 6 
|| Coker-Cleveland 884-4. 2 | || Coker-Cleveland 884-4_ _ - 7 
1 _........|}Farm Relief No. 1-...._- 3 || 2 .--|; Farm Relief No. 1_..-..----- 8 
|| Acala 4067... __ ote 4 | Acala 4067_.__- ERS! 9 
Rowden 40_-_____.- 5 | 
! | 


|(Rowden 40 ____-_.-_-.-- : 10 


1 All rows 150 feet long. 


When most of the bolls on the cotton plants had matured and 
opened, one lock was picked from each of 25 plants of each variety 
and series. These locks (a lock is the seed cotton in a locule) were 
picked only from those bolls which appeared to be normal in appear- 
ance and free of disease and insect injury. The sample for each 
variety was put into a paper bag, which was then properly labeled 
and stored in the laboratory. 

In the laboratory 5 locks from each series of each variety were 
picked at random from the bags containing 25 locks, giving a total 
sample of 10 locks of each variety. One seed from the middle of each 


* KOSHAL, RaM SARAN, and AHMAD, NAZIR. VARIATIONS IN THE PROPERTIES OF COTTON FIBRE IN RELA- 
TION TO ITS POSITION ON THE SURFACE OF THE SEED. Textile Inst. Jour. 23: T211-T266, illus. 1932. 
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of 10 locks of each variety was carefully removed so as to leave the 
attached fibers intact. Such a procedure gave a sample of 10 seeds 
from 10 random plants of each variety. 

A leather punch was used to cut out definite areas from the seed 
coat with the fibers attached. The author ® had previously used a 
different method for counting the fiber population. In the earlier 
investigation the fibers had been pulled from mature seeds taken from 
bolls preserved in formalin before they opened, the seeds had been 
dipped for a few seconds in a staining solution, sections had been 
cut free-hand from six regions on the seed and mounted on a glass 
slide, and the number of fiber scars (all fiber scars were stained) had 
been counted by the aid of a microscope. Knowing the area of the 
microscopic field, the author had then calculated the fiber population 
per square millimeter of the seed coat. 

In the problem presented in this paper, however, it was necessary 
that all the fibers from each point on the seed coat be counted and 
also saved for measurement of some of their physical properties. For 
this reason the leather punch was used in preference to the method 
just described. A seed was cut transversely into three parts by using 
a scalpel, and the embryo was removed. Care was observed to avoid 
cutting or losing fibers from the selected regions on the seed coat. 
The cutting with the leather punch was done from the inside of the 
seed coat. When the punch had just about passed through the seed 
coat, pressure was released and the circular area carefully removed. 
Six regions, or locations, numbered one to six, were cut from each seed, 
the area of each region being 3.567 mm.’ The location of these six 
regions is shown in figure 1. Each individual punch sample from 
each seed was placed in a folded, labeled paper, and all the punch 
samples for the seed were put into a paper bag marked with the 
variety and plant number. 

Since the unit fiber weight, the fiber length, and the fiber strength 
are affected by variations in temperature and the moisture content 
of the air, measurement of these fiber properties was made in a labora- 
tory where a constant temperature of 70° F. and a relative humidity 
of 65 percent were maintained. 

The seed coat and fuzz hairs were removed from each punch sample 
by use of a fine steel comb and the fingers. The remaining tuft of 
fibers in the punch sample was then weighed on an assay balance to 
the nearest one-hundredth of a milligram. For region 1, one-tenth 
of the total weight of the punch sample was used for counting the 
fiber population and determining the fiber length, unit weight, strength, 
diameter, and percentage of thin-walled fibers; for the other regions 
one-fourth of the weight of the punch sample was used for obtaining 
the fiber data just mentioned. 

The fibers were counted on a black velvet pad by using a pair of 
fine tweezers. Since the fibers were counted in only a fraction of the 
punch sample, the total population for region 1 was obtained by 
multiplying the fractional population by 10, and the total population 
of the other regions was obtained by multiplying the fractional 
population by 4. 

The average length of the fibers on each of the six regions was 
obtained by measuring the individual lengths of 20 fibers taken at 
random from a fractional part of a punch sample, summing the 


5 See footnote 2. 
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individual lengths, and dividing by the number of fibers. Each fiber 
was straightened out on a black velvet pad and then measured to the 
nearest sixteenth of an inch by means of a small rule. 

The fiber weight per inch of each of the six regions was determined 
as follows: The total number of fibers in each region was multiplied 
by the average fiber length of the region, giving the total number of 


— —Chalaza 


— ——Region 


——-—-Micropyle 


Funiculus 


—---—-—Hilum 


Figure 1.—Cottonssed showing the location on the seed coat of the regions 
selected for studying the distribution and relation of the six fiber characters. 
Each circle with a dotted line represents a region, or punch area, amounting to 
3.567 mm.?_ A plane drawn through the long axis of the seed in such a way as 
to divide the raphe and regions 1, 3, 5, and 6 into two equal parts would cut 
the seed into halves. The approximate venation of the seed coat is shown. 
The fuzz hairs (very short fiber) and the lint hairs (long hairs or commercial 
fibers) are not shown. 


inches of fiber in that region; the total number of inches was then 
divided into the total fiber weight of the region to obtain the average 
fiber weight per inch. 

The breaking load, or strength,® of single fibers was measured upon 
a testing machine of the balance type. A thin strip of rubber was 
put on each metal jaw of the testing machine in order to prevent the 
fiber from slipping and also to avoid crushing the fiber by the jaws. 
Twenty fibers were taken at random from each region and broken 
individually. The breaking load was added to the testing beam at 


4 Fiber streagth and fiber breaking load mean the same thing in this report; the latter terminology is 
probably the better. 
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the rate of one-tenth of a gram per second. The breaking load per 
fiber was recorded to the nearest one-hundredth of a gram. Three- 
eighths of an inch at the midportion of the fiber length was exposed 
to the breaking load. The average breaking load per fiber for each 
region of each variety was obtained by summing that of 20 single 
fibers and then dividing the total by 20. 

The diameter of fibers on each region was determined from mer- 
cerized samples. <A small bundle of fibers from each region of the 10 
seeds of each variety was mercerized thoroughly in an 18-percent 
solution of sodium hydroxide and then washed in water and air-dried. 
The fibers were then placed parallel to one another on a glass slide 
and mounted in liquid paraffin under a cover slip. By the use of 
a microprojector apparatus the width of each fiber was measured at 
the midportion of its length. Twenty fibers from each region on the 
seed coat were measured, and the average diameter of this number 
was then calculated. 

The 20 fibers which had been mounted for diameter measurements 
were observed under the polarizing microscope in order to estimate 
the percentage of thin-walled fibers. The percentage of thin-walled 
fibers was obtained by observing the kind and intensity of colors and 
the morphological appearance of each fiber. 


EXPERIMENTAL RESULTS 
VARIANCE OF FIBER CHARACTERS WITHIN VARIETIES 


The distribution of the fiber population in the Mexican 128 variety 
is given by plants and regions in table 2. Since each plant is repre- 
sented by only one seed, allowance must be made for the probability 
that the date from one seed are not necessarily representative for the 
whole plant. In table 2 plants, or seeds, are designated by the 
letters A, B, C, etc., whereas the regions on the seed coat are num- 
bered 1, 2, 3, 4, 5, and 6. Fiber population per square millimeter of 
any mean in table 2 and all other tables for fiber population can be 
obtained by dividing the mean by 3.567 (the area of each region). 
Plant mean as used in this paper is the average of the six regions 
on the seed. 


TABLE 2.—The analysis of variance of the fiber population by plants and regions 
on the seed coat in the Mexican 128 variety of cotton 


OBSERVED VALUES 


Fiber population for region— | 
Karan Cee Ppa cS ae ON Ue TE am meen hy | Ry 
| | | | totals | means 
(dhs Per | 3 | 4 | 
| | 
| | 


Number | | Number | Number | | Number | Number | Number Number | Number 
A 432 500 | 2 | , 239 | 707 
B 240 496 148 | 32 2 3, 498 | 583 
C | 240 | ; 499 
D ae | | 440 | 455 
E , 390 | 38 | 2€8 | ’ 511 
F : 300 | 392 | Q 32 3, 320 | 553 
G 484 | é | 2 564 
I , 312 | 547 
I 160} 296 | 419 
J 302 | 336 | 24| 356 2, 572 | 429 


Region total 2, 960 | 4,764 | 2,861 | °8,267| 3,172 | 


Region means_____- 296 | 476 | 286| 327| 317 |. 
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TaBLE 2.—The analysis of variance of the fiber population by plants and regions 
on the seed coat in the Mexican 128 variety of cotton—Continued 


ANALYSIS OF VARIANCE 





F 




















| Degrees | . | 
Variation due to— of free- | Mean Required | Odds 
dom | Sauare | _ eis eb eee 
| | Found ! 
| | 5 percent | 1 percent | 
point point 
setinecispsigece ane | 38: Sc) MERE HRSG! CHAE SGRs Ge 
Plants. ____- pee 4 ss 9 43, 643 | 0. 51 2.71 4.31 | <19:1 
Regions ; , a 5| 2,126,722| 24.65| 2.42 3.45 | >99:1 
eS ; a oat 45 86, 260 pie, ere Oi eat eee meas, j 
| | 
| Mee ae ee 59 | Standard deviation of the experiment—294 





























t TEST 

Standard | Least difference neces- 

Standard | &Tor of the sary for odds of 
Item error, any —— |—— pain aaesasne_aeed 

mean i | | 

| means | 19:1 99:1 
Plants___._- : peace ce oes) 120 | 170 | 342 457 
Regions_______- a Anas Sa i ee 93 | 132 266 355 





1 43,643/86,260=0.51, and 2,126,722/86,260= 24.65. 


Analysis of variance’ for the data is also given in table 2.2 It is 
realized that the groups of data in this table and also in other tables 
of this paper relative to fiber population and percentage of thin- 
walled fibers, respectively, may not necessarily fit the homogeneous 
requirements for the application of variance analysis. However, the 
individual standard errors for columns or items were calculated and 
tests made for significance. These tests indicated that interpretation 
of the results through the use of analysis of variance was satisfactory. 
The groups of data used for obtaining the values for the analysis of 
variance in the tables relative to the percentage of thin-walled fibers 
are analogous to weighted data. The word “percentage” is used in 
order to avoid the term “immaturity.’”’ The results indicate no 
significant differences between mean populations of plants, since the 
F found is only 0.51 and the F value required for odds of 19:1 amounts 
to 2.71. Odds of greater than 19:1 indicate that differences are 
significant, and odds greater than 99:1 indicate that differences are 
highly significant. Between the mean populations of the regions 
the odds are greater than 99:1, indicating high significance, the re- 
quired F value for odds of 99:1 being 3.45, while the mean square of 
regions divided by the mean square of the remainder amounts to 
24.65, indicating that without doubt the odds are greater than 99:). 

On further analysis, the standard error of any region mean is found 
to be 93, while the standard error of the difference between any two 


7 FISHER, R. A. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 5, rev. and enl., 319 pp., illus. 
Edinburgh and London. . 

§ The F and t values for this and all other tables in this paper were obtained from SNEDECOR, GEORGE W. 
CALCULATION AND INTERPRETATION OF ANALYSIS OF VARIANCE AND COVARIANCE. 96 pp. Ames, Iowa. 
(Iowa State Col., Div. Indus. Sci. Monog. 1.) 1934. See pp. 88-91. 
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region means is recorded as 132.° Then from ¢ values and the indi- 
cated calculations, least differences amounting to 266 fibers for odds 
of 19:1 and to 355 fibers for odds of 99:1 are found. The mean of 
region 1 minus the mean of region 3 equals 1,457 minus 476, or 981 
fibers. Since 981 is greater than 355, it appears that region 1 cer- 
tainly has a denser population than region 3 and therefore a denser 
population than that of any other region. All possible comparisons 
of regions 2 to 6, inclusive, indicate no significant difference between 
the means of any pair of these regions. 

Since the odds of less than 19:1 in table 2 do not indicate significant 
differences between plant means, no comparisons for least differences 
between plants are given. 

The fiber length of the Mexican 128 variety is shown by plants and 
regions in table 3. The plants, or seeds, and the regions are the same 
as those in table 2, the only difference being that fiber length instead 
of population is analyzed. The values for the analysis of variance 
relative to fiber length give odds of more than 99:1 for plant differences 
and odds less than 19:1 for region differences. As previously described 
for table 2, least differences can be used to compare any pair of plants 
or any pair of regions relative to differences between means. 


TABLE 3.—The analysis of variance of the fiber length by plants and regions on the 
seed coat in the Mexican 128 variety of cotton 


OBSERVED VALUES 





Average fiber length for region No.— 
Plant Plant 
totals | means 








Inches Inches Inches 
0.99 0. 0.95 09 1.05 6.13 


if 

1, 1 
pS 1 
1, 1 
L 1 
1. 1 
1, 1 
A. 1 
X 1 
1. 1 


6. 22 


pm pet fet fh fk ft tet 








Region total 


= 
— 
_ 
_ 


11. 16 


_ 
— 











Region means 


_ 


1.116 


_ 

















ANALYSIS OF VARIANCE 





F 





a Mean Required 


Variation due to— 0 
freedom | Sauare 





5 percent | 1 percent 
point point 





0. 05274 
- 00352 
45 - 00616 














59 Standard deviation of experiment =0.0785 











* Standard error of any region mean=294/ i0=93. Standard error of the difference between any two 
region means=93-/2=132. The value of t, corresponding to 45 degrees of freedom, the number on which the 
error is based, is 2.014 at the 5 percent point, and 2.690 at the 1 percent point; then for between region means, 


least difference at 5 percent point for odds of 19:1=2.014X132=266, and at 1 percent point=2.690X132=355 
for odds of 99:1. 
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TaBLeE 3.—The analysis of variance of the fiber length by plants and regions on the 
seed coat in the Mexican 128 variety of cotton—Continued 
t TEST 


| Seantee’ | Least yoyo neces- 

| | error of the sary for odds of. 
| Piantend | difference be 

¢ etween | 

any Mean | any 2 | 


means 


Iter 


19:1 99:1 


i eee ieoaenanbeen Ie ee ao See Se ee, ee ees Eee 


| RE Ee ee eneieea . 0248 | - 0351 | 0707 | . 0944 





| 
Plants...:.... am Nee cee : | 0. 0320 0. 0453 0. 0912 0. 1219 


The fiber weight per inch of the Mexican 128 variety is given by 
plants and regions in table 4. The plants, or seeds, and the regions 
are identical with those in table 2. The values for the analysis of 
variance in this table show that the odds for differences in fiber 
weight are more than 19:1 between plants and greater than 99:1 
between regions. 

The fiber strength of the Mexican 128 variety is presented in table 5 
wherein the values for the analysis of variance indicate real differences 
in the average fiber breaking load between plants and also between 
regions. 


TABLE 4.—The analysis of variance of the fiber weight per inch by plants and regions 
on the seed coat in the Mexican 128 variety of cotton 


OBSERVED VALUES 


Average fiber weight for region No.— 
ee MAE: SE OS PSF SN Plant | Plant 
| | totals | means 


4 5 
| 





SEE Reece a (apenas Ras 
0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 
mg mg. mg. mg. | mg. 
49 | 5 292 | 
54 | f 286 | 
46 253 | 
65 
65 | 


64 


go> 


348 | 
325 | 














Sn Os 





| 
| 
| 
7 | 
| 
| 
| 





Region total eae | 363 542 | | 54! 53 557 | 
Region means | 36 g ! 5: 5s 56 


ANALYSIS OF VARIANCE 


| a | 
| | F 
| 


| Degrees | Mean Required 
‘ | square pee ES | 
| freedom Found 
5 percent | 1 percent 
point | point 


Variation due to— | Odds 


Plants eons ; 9| 145.67 | 215| 294] >19:1 
Regions ¥ Pe ri at | 5 | 583. 60 9. 87 2. 42 | 3.45 >99:1 
Error Seitestica apne : eo 7 ee es 





| Cae | 4 is aaae i 
Total ipidehivea | 59 | Standard deviation of the experiment =7.69 
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TaBLE 4.—The analysis of variance of the fiber weight per inch by plants and regions 
on the seed coat in the Mexican 128 variety of cotton—Continued 


t TEST 





| Standard | Least difference neces- 
error of the sary for odds of— 

one Nf Se TES ar anes ee 
i between 
1 any 2 
means 


any Mean 





RRS Siete eke ou sonealis feat 2 3. 4.44 
SN ice vat netleni ne ameneh omen dake ohad Os eudl , 3. 44 








TABLE 5.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Mexican 128 variety of cotton 


OBSERVED VALUES 
Average fiber breaking load for region No.— 


a rsa cater oo Gh eae Plant 
| totals | means 
Boe 








| | 
Grams | Grams | Grams 
7.45 6.95 | 35.38 
6. 68 6. 08 32. 76 | 
6. 73 .80 | 32.60 
7.35 | 5. 13 32. 77 
6. 80 -60 | 36.64 
5. 20 . 35 | 7. 36 
4. 68 .98 | 29.38 | 
5.70 -10 | 37.35 | 
5.15 . 63 28. 14 
5. 68 7 32. 87 


55.33 | 47.62 | 60.78 | 61.42| 61.32 | 325.25 
| 


ada 
Co 
oO 
SS? 
aa 
wse 


Cl Lele lf 
APLAR ORD 
RaReEsZES 


ol 














or BH Sr 8S BES 





Region total__--___--- 


a 
oo 


3. 

3. 

4. 

2. 

3. 

H 5. 
I 3. 
J 4. 
38. 

3. 


Region means. --._.-...--- ; 


® 





5.53 4.76] 6.08) 6.14 | 
| | | | 





ANALYSIS OF VARIANCE 





| 
Degrees | | ' 
Variation due to— | — | Peni | Required Odds 
freedom a 5 Nl — 
| 5 percent | 1 percent | 
point | point 





Re | | 1,933 | 
i fai cctame occ tal 8. 5693 | 
| abate aR Ee ie ep i | 6711 





Total Standard deviation of experiment =0.819 


t TEST 


| 

| Standard | Least difference neces- 

error ofthe | sary for odds of— 
difference |___ 


| Standard |S 
=|" between | 


| an pis 
| 


any2 | ‘ : 
means | “x | 90:1 


0. 473 2 | 0. 951 | 1. 270 
. 737 . 985 


PES x in | 0. 334 | | 
Regions 3 one : . | . 259 | 
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The variance analysis for the percentage of thin-walled fibers in 
Mexican 128, given in table 6, indicates highly significant differences 
between regions and no differences between plants. 


TABLE 6.—The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Mexican 128 variety of cotton 


OBSERVED VALUES 





Thin-walled fibers for region No.— 
Plant Plant 
totals | means 





| 6 





Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
1 5 20 5 1 7é 13 


= 
Aoarkaaanoee 





= oe 
aAnoooaaoan 


A 

B 

Cc 

| ER 
E.. 
es 

G 

H 

I 
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_ 











Region total 





o & 
oa 
a & 














Region means--.__-.-_-__---- } 36 15 24 | 
| | 





ANALYSIS OF VARIANCE 





F 





Dees Mean Required 


Variation due to— square 





freedom vee 


5 percent | 1 percent 
point point 























Standard deviation of the experiment=11.8 








se 9 Least oo <a 
error of the sary for odds of— 
Standard difference 

oe between 
any mean 


any 2 : , 
means 19:1 99:1 








; : 13. 72 18. 32 
Regions ‘ 10. 63 14. 20 

















The analysis of variance of the fiber diameter by plants and regions 
in Mexican 128 is given in table 7. The values show that there are 
highly significant differences between plants and also between regions. 
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TaBLE 7.—The analysis of variance of the fiber diameter by plants and regions on 
the seed coat of the Mexican 128 variety of cotton 


OBSERVED VALUES 





| LEED a Plant Plant 

Plant | totals | means 
ee 2 | 3 | 4 5 6 | 
| 


Microns | Microns | Microns | Microns | Microns | Microns | Microns | Microns 

16. 49 17. 80 17. 54 16.75 17. 54 17. 54 103.7 17, 28 

14, 13 14. 40 14. 40 
14. 92 
17. 80 


Average fiber diameter for region No.— 








s 


SSSSSER8 
Cmte Ont 








-_ 








Region total , ; ‘ 159.7 

















Region means 5. é B. 15. 97 15. 66 16. 41 


1 








ANALYSIS OF VARIANCE 





F 





Degrees 


Mean Required 


0 
square 
freedom ae 


Variation due to— 





5 percent | 1 percent 
point 





4.14 ; 5 2.94 
0 eee : 2. 22 . 81 . 3. 
. 582 

















Standard deviation of the experiment =0.762 











t TEST 





| Standard | Least difference neces- 

error of the sary for odds of— 
difference 
between 


any 2 _ ‘ 
means 19:1 99:1 


0. 4398 
- 3408 


Standard 
error, 
any Mean 























The data for the Mexican 128 variety have been presented in 
detailed form in tables 2, 3, 4, 5, 6, and 7 in order to give an example 
of the procedure used in recording the measurements of fiber popula- 
tion, length, weight, breaking load, percentage of thin-walled fibers, 
and diameter. For other varieties and for totals of all varieties, 
only the means and the values for the analysis of variance are given. 

The values for the analysis of variance in the fiber population of 
the Coker-Cleveland 884-4 variety are given in table 8, wherein odds 
of less than 19:1 indicate no significant differences between plant 
means whereas odds greater than 99:1 show that differences between 
region means are highly significant. 





266 


Journal of Agricultural Research 


Vol. 62, No. 5 





TABLE 8.—The analysis of variance of the fiber population by plants and regions on 
the seed coat in the Coker-Cleveland 884-4 variety of cotton 


REGION MEANS 





Region No 


Mean number of fibers 


Plant symbol 


Mean number of fibers _- 


| 2,04 


437 | 





PLANT MEANS 


649 | 695 | 





Variation due to— 


Plants 
Regions. 
Error - ._ _- 


Total. 


Item 


a 
Regions 


ANALYSIS OF VARIANCE 


Degrees | Mean 


| freedom | square 
| 
| 


108, 054 
4, 830, 758 | 
83, 366 


Found 


509 | 608 | 563 


Required | Odds 


5 percent | 1 percent | 
point | point | 


1.30 


57. 95 


Standard deviation of the experiment = 289 


t TEST 


Standard 
error, 


| 
| 
| 


118 


91 | 


errors of regions are as follows for these comparisons: 


2and 4___. 
2 and 6_- 
3 and 4-_- 
3 and 5_- 
3 and 6-- 
5 and 6_. 


Regions compared 


| difference |___ 
any mean | 


Standard | Least difference neces- 
error ofthe| sary for odds of— 


between 
any 2 
means 


167 


129 1 260 1 347 


1 Probably not valid for certain comparisons. Least differences calculated from individual standard 


Least difference for 
odds of — 


The values for the fiber length in the Coker-Cleveland 884-4 
variety are given in table 9, wherein odds greater than 19:1 indicate 
significant differences between plant means as well as region means. 
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TaBLE 9.—The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Coker-Cleveland 884-4 variety of cotton 


REGION MEANS 


Region No_------ | 
Sc kg Se a et ce , se Sacaineee BRASS Wane 
Mean fiber length (inches) z : at BD kK 1 | 1. 1.119 | 1,127 | 1.073 | 1.034 


PLANT MEANS 
Plant symbol _- . eee 


Mean fiber length (inches) 1.023 | 1.110 . 1, 137 a 1,185 | 1.095 | 1,047 | | 1. 143 3 | 1. 142 | 1. 15 | 1.025 


ANALYSIS OF VARIANCE 


| | 
| | 
| 
| ae 
| Degrees | | 
Variation due to— of 
| freedom 


| Mean | sears 
| square ie es ‘ 
5 percent | 1 percent | 

point s point | 


Plants | 0.0179 
Regions : | 5 | 4 2. 46 
Error __- ‘ | 7 i 


2.15 2.94 | >19:1 


| 
ii 
54 | 
oe 3.45 | >19:1 


| a _ “ Standard deviation of the experiment =0.0840 
t TEST 


| 
Standard | Least difference neces- 
error ofthe| sary for odds of— 


Standard | differenes 


Item error, 
any Mean 


any 2 
means 


19:1 


2 
| between ‘S 
| 
ag 
ss 





eS ok oe : ho easemead nen te A 0.0343 | 0. 0485 0. 098 0. 1305 
Regions en (Ue Ria ae eee 0286 | 0376 .076 ‘1011 





The variance in the fiber weight of the Coker-Cleveland 884-4 
variety is shown in table 10, wherein odds of greater than 99:1 in- 
dicate that between plants and also between regions the differences 
are highly significant. 


TaBLE 10.—The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Coker-Cleveland 884-4 variety of colton 


REGION MEANS 





NSS BERR gra ah eae ek ARR ARE LOO 2 


Mosn Sher weight (6.0001 mg.)...........-.--.---5-2-<5226.. oe 30 | 48 





PLANT MEANS 
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TaBLE 10.—The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Coker-Cleveland 884-4 variety of cotton—Continued 





ANALYSIS OF VARIANCE 





| 


| Degrees | 
| | 
| | 


Variation due to— | 
| freedom 


Mean 
square 
Found 


264. 67 | 


6.91 | 


Plants -- - Eh PSY Rafies non 9 | 
5 


Regions. 
Error ....- 


ae areas 








| 1,046. 20 
45 | 


38. 31 | 


59 | 
t TEST 


| | 


27.31 | 


Required 


5 percent | 1 percent | 
point | point 


| | Standard | Least difference neces- 
~ sTTO! ) > Ss y s 0 
| Standara |e? r of the sary for odds of 
difference |_ peueuases 
| error, between | 
any Mean ana o 
means 


Item 


Plants - - - - 
Regions. -- 





The variance analysis for the fiber breaking load of the Coker- 
Cleveland 884-4 variety is presented in table 11, in which the odds 
are less than 19:1 between plants and more than 99:1 between regions. 


TABLE 11.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Coker-Cleveland 884—4 variety of cotton 


REGION MEANS 
Region No 


Mean breaking load (grams). ___-- ei ; | 


PLANT MEANS 


| E F 


| | 
Se a ee Eee Red) eat SCRE Ss BEF ae 


| | | | 
4.61 4.59 | 4.91 4.09 | 4.12 | 4.36 | 5.13 | 4.55 


Plant symbol. --_--__---- ae | Cc D 


Mean breaking !oad (grams) .. 


ANALYSIS OF VARIANCE 





Degrees Mean 
, Meg 


square 


Variation due to— Required Odds 


Found | ‘ | 
5 percent | 1 percent | 
point point | 


freedom 


Plants_ 2.94 <19:1 
Regions 


Error. 


0. 6357 
11. 3737 
. 4040 


Total 
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TasLe 11.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat in the Coker-Cleveland 884—4 variety of cotton—Continued 


t TEST 








| Standard | Least difference neces- 
error of the sary for odds of— 
Standard | ‘Gifference 
error, between 
| any mean | | 


any 2 - ‘ 
means | 19:1 | 99:1 








Plants. ._. es pve Ws Seer et 0. 2596 | 0. 3671 | 0.740 | 0. 988 
adits din ccctivahiwnihonieahy arts cd kaneeeeeamipere eet | . 765 





The data for the analysis of variance of the percentage of thin- 
walled fibers in the Coker-Cleveland 884-4 variety shown in table 12 
indicate that there are highly significant differences between plant 
means and also between region means. 


TABLE 12.—The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Coker-Cleveland 884-4 variety of cotton 


REGION MEANS 


Region No__----- 


Mean percentage of thin-walled fibers_........._- 2 


PLANT MEANS 


Plant symbol. - _- 


Mean percentage of thin- 
walled fibers. -___- ieee 





ANALYSIS OF VARIANCE 


| Degrees | ne Pa as 
Variation due to— | of Mean Required Odds 
| freedom square : icant 
| Found | 
| | 5 percent | 1 percent 


| | point | point 





Plants __- ceo ee : 9 | 158. 67 | 2.1 2.94 | >99:1 
AO" See ae y | 5 | 981. 80 2. 42 3.45 | >99:1 
a ae eer ogikehe 45 | 48.42 |... Din Saar, Pete we 





Tote | ro | 
Total... .- ete — | 0 | Standard deviation of the experiment =6.96 


t TEST 


~ error ofthe} sary for odds of— 
Standard | difference |__ : 
between | 
any2 | 
means 


Item 


| : : 

| Standard | Least difference neces- 
| 

| 


error, | 
| any mean | 
| } 19:1 


Plants | 2. 841 | 4.018 | 8.09 | 
Regions Sau a 2. 201 | 3.113 | 6. 27 
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The values for variance in the fiber diameter of the Coker-Cleve- 
land 884-4 variety presented in table 13 do not indicate significant 
differences between plants or regions. 


TaBLe 13.—The analysis of variance of the fiber diameter by plants and regions on 
the seed coat of the Coker-Cleveland 884-4 variety of cotton 


REGION MEANS 


a 
Region No a 
he ee seer eee eee oleae ek = SAE Sse 3 


aS P 
| | | 
a | Po | 
Mean fiber diameter (microns) _- - | 15. 66 | 15.18 | 15.81 | 15.68 | 15. 50 


PLANT MEANS 


Plant symbol SAE | A | B 
COE eae eee, NOON NPG aires See 


et 
hae 





Mean fiber diameter (microns).| 15.36 | 16.01 | 15.14 | 15.31 | 16.23 | 15.58 | 15.36 


ANALYSIS OF VARIANCE 


F 





| Tees | 5 
De ~ = Mean | Required 
square 


Variation due to— Odds 


| freedom Found 


l 
| 5 percent | 1 percent | 
point point 
| 
| 
| 


Plants. | . 567 2.08} 2.15 2.94) <19:1 
Regions 5 | "640 “85 4.36) 9.02] <i9:1 
Error. ri | 4 . 753 | ee wake : 


Total Standard deviation of the experiment =0.87 


t TEST 


| 

Standard | Least difference neces- 
| Standard | error of the | sary for odds of— 

NNN ee el 
Item Pita diee between | 

any mean the | 
| | any2 | 49:1 99:1 
| means | ; 
| 





cae 0.355 | 0. 502 1.01 1.3! 
Regions____- i . 275 | - 889 | . 78 i. 
| | 





The analysis of varience for the fiber population in the Farm Relief 
No. 1 variety is given in table 14. The odds of less than 19:1 in this 
table indicate ro significant differences between plants, while odds 
greater than 99:1 point to highly significant differences between regions. 


TABLE 14.—The analysis of variance of the fiber population by plants and regions on 
the seed coat of the Farm Relief No. 1 variety of cotton 
REGION MEANS 





| 
— |. _—————- | — | —____ 


‘ l 
eS SRS ere eee a 4 4 

| 

a 


| | is 
| 
Mean number of fibers._.___- peat a : | 1,493 | 440 | 361 233 
| ! 
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Taste 14.—The analysis of variance of the fiber population by plants and regions 
on the seed coat of the Farm Relief No. 1 variety of cotton—Continued 


PLANT MEANS 


Plant symbol 


Mean number of fibers. _____- | 


ANALYSIS OF 


VARIANCE 


F 


——| 
| Degrees 

I =" Mean | 
| freedom | Sauare 


Variation due to— Required | Odds 


Found | ~—~&Y | 
| 5 percent | 1 percent | 
point point | 


| 

9. 84 | 
149. 58 | 
ce 


|--- 


Plants 
Regions 
mror...... 


13, 389 | 
2, 392, 653 
15, 996 | 


Total 59 Standard deviation of the experiment = 126 


| 





t TEST 





| | | 
| | Standard | Least difference neces- 
}errorofthe| sary for odds of— 
| difference | 
between 
any 2 
means 


Standard 


| 
| 19:1 
| 


Plants 
Regions. __- 





' Probably not valid for certain comparisons, Least differences calculated from individual standard 
errors of regions are as follows for these comparisons: 


Least differences for 
odds of— 
Regions compared 


3and 4__ 
Zand 5_- 
3 and 6_- 


The variance of the fiber length in the Farm Relief No. 1 variety 
is presented in table 15, wherein odds of greater than 99:1 show that 
there are highly significant differences between plants and odds greater 
than 19:1 indicate that there are probably significant differences in 
the mean fiber length of regions. 


TaBLE 15.—The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Farm Relief No. 1 variety of cotton 


REGION MEANS 





a 


Region No____---- : | 2 





———— | —____ 





Mean fiber length (inches) ___._____- ; | 1. 130 | 1,181 


312154—41—_—2 
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TABLE 15.—The analysis of variance of the fiber-length by plants and regions on the 
seed coat of the Farm Relief No. 1 variety of cotton—Continued 


PLANT MEANS 










































































Plant symbol. -_........... aS i B Cc D E F G H I | J 
Mean fiber length (inches) ---| 1.170 | 1.180 | 1.120 | 1.160 | 1.120 | 1.050 | 1.290 | 1.230 | 1.140 | 1, 200 
ANALYSIS OF VARIANCE 

ea 
F 
Degrees Mean Required 
Variation due to— of square Odds 
freedom Bound 
5 percent | 1 percent 
point point 
EME SS ae ee ae Ope 9 0.0265 8. 55 2.15 2. 94 >99:1 
AE EEE apn pr ae et Pee 5 . 0078 2. 52 2.42 3.45 | >19:1 
SEGRE TS RSS Se RG 45 <p) NEG alee AE ORE pace Mage : 
ie ie ah ee 59 Standard deviation of the experiment =0.0557 
t TEST 
Standard | Least difference neces- 
Standard pid es nom sary for odds of— 
Item error, between —< 
any mean any 2 
means 19:1 99:1 
NERS SSPE eT he ee ag EE PE 0. 0227 0. 0321 0. 0646 0. 0863 
NR ieee Nh ccc te tein nea voaicnnnsnnocnuscou .0176 . 0249 . 0501 . 0670 

















The analysis of variance of the fiber weight in the Farm Relief No. 1 


variety is given in table 16. 


The odds of greater than 99:1 therein 


shown indicate highly significant differences between plants and also 


between regions. 


TaBLE 16.—The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Farm Relief No. 1 variety of cotton 


REGION MEANS 




















PI hha Se oh scence cncipcedvch Cachecccacseunaky end 1 2 3 4 5 6 
Mean fiber weight (0.0001 mg.) .___....______- APE Ny Ses CA a ae Oe ad or 56 i i 
PLANT MEANS : 
Wane PMN So oo A B Cc D E F G H I J 
Mean fiber weight (0.0001 
2 ERS RS ie eas 54 40 49 61 52 65 44 47 45 53 






































Plan 
Regi 
Erro 


Pla 
Reg 


wed bet ed 
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TaBLE 16.—The analysis of variance of the fiber weight per inch by plants and 
regions on the seed coat of the Farm Relief No. 1 variety of cotton—Continued 


ANALYSIS OF VARIANCE 





| F 


Degrees | Mean Required 
square 


Variation due to— rn) 
freedom 





Found 
5 percent | 1 percent 
point point 


























Standard deviation of the experiment =6.46 











Suateet Least —— eg 
error of the sary for odds of— 
Senders difference 
: tween 
any mean any 2 
means 





19:1 99:1 





Plants 2. 64 3.73 7. 51 10. 03 
Regions 2.04 2. 88 5. 80 7.75 

















The data for variance of fiber breaking load in the Farm Relief No. 1 
variety presented in table 17 indicate nonsignificant differences be- 
tween plants and highly significant differences between regions. 


TABLE 17.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Farm Relief No. 1 variety of cotton 


REGION MEANS 





Region No 





Mean breaking load (grams) 3.04 





PLANT MEANS 





Plant symbol B Cc D E 





Mean breaking load(grams)..| 4.35 | 4.81 | 4.96 | 4.25 | 4.64 



































ANALYSIS OF VARIANCE 








Mean Required 
square 


Degrees 
Variation due to— f 





0 
freedom 


5 percent | 1 percent 
point point 








0. 7260 
10. 7310 
- 5202 














Standard deviation of the experiment =0.721 
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TABLE 17.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Farm Relief No. 1 variety of cotton—Continued 


t TEST 


Standard | Least difference neces. 
. error of the sary for odds of 
lg f r ) 
tandard | difference 








Item 


| 
| | 
error, Pai ae cece 
| any mean | between | 
| any2 | 19:1 99:1 
means | . ’ 
Plants J 0. 294 | 0. 416 | 0. 838 | 1.119 
Regions . 228 | 823 | . 649 . 866 
1 


Values for the analysis of variance in the percentage of thin-walled 
fibers in the Farm Relief No. 1 variety are presented in table 18. 
Odds greater than 99:1 point to the fact that there are highly signifi- 
cant differences between plant and also region means in this character. 












TABLE 18.—The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Farm Relief No. 1 variety of cotton 


REGION MEANS 


Region No._-- 


Mean percentage of thin-walled fibers __- , 59 11 | 24 | 5 | 7 





PLANT MEANS 


Plant symbol______.__- | A | B | Cc | D E | F G | H I | J 
r | | Tt a5 eo ate - i 
ped | | 





Mean percentage of thin- | | 
walled fibers__.____ | 13 | 


14 is | ~ 18]. 3641 
| 








ANALYSIS OF VARIANCE 


| 





| 


| Degrees | | 





Variation due to— Re 3 bane | | Required Odds 
| freedom | Rosnd 1 ve 
| | | § percent | 1 percent 
| | | point point | 
— eae sa —| — a orem ee} 
| 
Plants ‘ 9 | 677.11 4. 48 | 2.15 | 2. 94 ie. > 99: 1 
Regions 5 | 4,166. 20 27. 59 2. 42 | 3.45 | >99:1 
Error 45 | 151. 02 | eg een 
= Behe —_ —_ _ aS - ! 
Total _ : 59 | Standard deviation of the experiment =12.29 








t TEST 






















Standard | Least difference neces- 
Standard pod of the sary for odds of— 
Ce ef SEONG 
Item error between 
any Mean any 2 


means 19:1 

















| -—————] e 
Plants area : ae 5.02 | 7.10 | 14. 30 | 19. 10 
Regions svienctweeweeoe RAST epeetien fe 3. 89 | 5. 50 | 11.08 | 14. 80 














Pla 


Me 
a 
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The variance analysis for fiber diameter of the Farm Relief No. 1 
variety in table 19 indicates highly significant differences between 
plants and nonsignificant differences between regions. 


TABLE 19.—The analysis of variance of the fiber diameter by plants and regions on 
the seed coat in the Farm Relief No. 1 variety of cotton 


REGION MEANS 


Region No 1 | $4: 8 | 1 <5 6 





| 

; “a PRR PARR Salen eGR ae 
Mean fiber diameter (microns) E ‘ e | 17.25 | 17.04 | 17.04 | 16.34 | 16.70 | 16.75 
| | | | 


PLANT MEANS 


ee 8 ee « | : 

Plant symbol... ---.------ | A | B | Cc | D | E | F 
| 

ia ue an —— |__|} -__-— 

| 


17.19 | 16.80 | 15.84 | 16.76 | 16. 
| 
ANALYSIS OF VARIANCE 


Mean fiber diameter (mi- 
BE oS sce: Sop 





| | 


Degrees | 
0 


| 
| 
| 
| Odds 


Variation due to— Mean Required 


square BERG DROS 


| freedom : 
| 5 percent | 1 percent | 
point | point 





OE ee ae aE | 2. 389 15] 2.94] >90:1 
Regions i oe Ree tence 1.060 | 2.08 2.42| 3.45] <19:1 
Error 5 51 | | 





Total_____ Pare | Standard deviation of the experiment =0.714 





t TEST 





| 

| Standard | Least difference neces- 

error of the sary for odds of— 

| difference |__ +. : 

| between 
any 2 ‘ Q0- 
baw did 19:1 99:1 


Standard 
error, 
any Mean 





Ebi ag whee 0. 291 0. 412 0. 83 
EE ei ier a eee Maeno Reese . 226 . 320 . 64 














The variance analysis for the distribution of the fiber population 
on the seed coat of the Acala 4067 variety is presented in table 20, 
wherein odds less than 19:1 indicate that differences between plants 
are. not significant and odds greater than 99:1 show that there are 
highly significant differences between regions. 


TABLE 20.—The analysis of variance of the fiber population by plants and regions 
on the seed of the Acala 4067 variety of cotton 
REGION MEANS 





Region No._-------- ‘ 





Mean number of fibers 2 Fee ECGS s Goes ae 1, 646 | 0 | 753 270 
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TABLE 20.—The analysis of variance of the fiber population by plants and regions 
on the seed of the Acatla 4067 variety of cotton—Continued 


PLANT MEANS 





Plant symbol B Cc | D E | F | G | H 

















Mean number of fibers 585 433 | 569 | 1,035 | 790 | 567 701 





ANALYSIS OF VARIANCE 





| F 


| 
| 





nie S30 Mean Required 


ee 
Variation due to— square 





0 
freedom 


5 percent | 1 percent 
point point 





19:1 
>99:1 


























pe 7 Least nen neces- 
error of the sary for odds of— 
Standard difference 

sacbioale between 
any mean S 
any 2 19:1 
means ; 








175 352 
136 1274 1 366 














1 Probably not valid for certain comparisons. Least differences calculated from individual standard 
errors of regions are as follows for these comparisons: 





Least difference for 
odds of— 
Regions compared 








530 
527 
136 
118 








The variance analysis for the distribution of the fiber length on the 
seed coat of the Acala 4067 variety is presented in table 21, wherein 
odds of greater than 99:1 indicate that there are highly significant 
differences between region means and also between plant means. 
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TABLE 21.—The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Acala 4067 variety of cotton 


REGION MEANS 





Region No 


Mean fiber length (inches) 1.030 








PLANT MEANS 





Plant symbol A | B | Cc D E 





























Mean fiber length (inches)_-.| 1.000 1.080 | 1.050 0.960 | 0.990 





ANALYSIS OF VARIANCE 








Degrees . 
Variance due to— of Mean Required 


square 


freedom 


5 percent | 1 percent 
point point 


re eee nee eee eee Pee 





0. 0268 
- 0137 
0027 




















Standard deviation of the experiment =0.052 





t TEST 





Standard | Least —- neces- 
Standard |Crorofthe| sary for odds of— 
error, difference 


any mean between 


any 2 . 
teans 19:1 99:1 








Plants 3 0.0212 0.0300 0. 0604 0.0807 
Regions . 0164 . 0232 . 0467 - 0624 

















The analysis of variance for the fiber weight in the Acala 4067 
variety is presented in table 22. Odds greater than 99:1 point to 
highly significant differences between both regions and plants. 


TABLE 22.— The analysis of variance for the fiber weight per inch by plant and regions 
on the seed coat of the Acala 4067 variety of cotton 


REGION MEANS 





Region No 


monn Sher wetent (00001 mg.) .-...--- 2c ese ccc 








PLANT MEANS 





Plant symbol 











es fiber weight (0.0001 
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TABLE 22.—The analysis of variance for the fiber weight per inch by plant and regions 
on the seed coat of the Acala 4067 variety of cotton—Continued 


ANALYSIS OF VARIANCE 










F 






Degrees Een 
Variance due to— of Mean Required Odds 
freedom | square Patel Ae ee 


Found 
5 percent | 1 percent 
point | point 

























Plants ss 9 260. 33 8. 72 2.15 2.94 99:1 
Regions | 5 1, 107.40 37.07 2. 42 3. 48 >99:1 
Error Le aes | 45 29. 87 | 

Total. See ee 59 Standard deviation of the experiment =5.465 


| Standard | Least difference neces- 










Standard |@trorofthe| sary for odds of- 
. i re a | 
item ero, | dierence | 
| any mean —_s | 
means 


Regions 








The analysis of variance for the fiber breaking load in the Acala 
4067 variety is presented in table 23. The values show that there 


are highly significant differences between plants and also between 
regions in the fiber strength. 


TABLE 23.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Acala 4067 variety of cotton 
REGION MEANS 


Region No----- 














Leh : 
5.91 | 5.61| 4.75} 5.46) 5.29 


4.60 | 4.37 | 5.22 4.16 | 


Fi So alae at as Nate el Gk ae ee a ee 5 6 
[OA SEE IE RR Ae Me ea a es oan hae: 
Mean breaking load (grams) --_- nen xe a | 3. 16 | 4. 23 | 4.22 | 6. 28 | 5. 59 6. O1 
thie ad al eS Sa J - @ a ' | | 

PLANT MEANS 
Plant sie nee E ics _| A | B | Cc | D | et | : 
I | ae | eee | eee ames | eee — | | 
| 
| 


Mean breaking load (grams) 


| rilelasm ls J 
3.79 | 
| 








| 


ANALYSIS OF VARIANCE 
































Degrees | : 
Variation due to— n) | Mean Required Odds 
| freedom | S@uare | F |— —_—— 
| | | Found | | 
| 5 percent | 1 percent 
} | | | point point | 
Plants. __--... ey ee ery | 9} 28487] 4.53] 215] 294] >90: 
Regions. _._- EO Aas 5| 15.0388] 23.90 | 2. 42 | 3.45 | >99:1 
So RAR eS RS Ee eee | 45 | . 6293 : inne i 





Total Zee ar 59 Standard deviation of the experiment=0.793 





rei 
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TaBLE 23.— The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of theAcala 4067 variety of cotton—Continued 


t TEST 





Standard | Least difference neces- 


error of the | sary for odds of— 


| Standard | 


i | 
| « ore > | 
Item error, lifference : a 


| 
| 19:1 | 99:1 
age 


| " | between 
any mean | any 2 


means 


Plants. __- 0. 4578 | 0.922 1. 231 
Regions ae seas . 2508 | . 3547 | .714 . 954 





The variance analysis of the percentage of thin-walled fibers in the 
Acala 4067 variety is contained in table 24 wherein the values indicate 
real differences between regions and nonsignificant differences between 
plants for the percentage means. 


TABLE 24.—The analysis of variance of the percentage of thin-walled fibers by plants 
and regions on the seed coat of the Acala 4067 variety of cotton 


REGION MEANS 
Region No 
Mean percentage of thin-walled fibers. ___-- 


Plant symbol. - 


Mean _ percentage 
walled fibers _- 


ANALYSIS OF VARIANCE 





| Degrees | ‘ Pneee 
Variation due to— of | Mean Required | Odds 
| freedom | Sauare - ————-- 
5 percent | 1 percent | 
point | point | 





Plants. __- Sa os eee | 344.00 | 15) 2.94! <19:1 
MNS for 5 Se eo eu Zaeee 4, 510. 40 | y 
Error SSPE Re rey 179. 89 | -- 





Total 59 | Standard deviation of the experiment=13.40 





t TEST 





| 

| a , 

| Standard | Least difference neces- 
s | error of the sary for odds of— 

| nnteet SN eo 
| any mean oe 

| sical 19:1 99:1 
| means 





Plants re a rs woke Re ST mo 5.47 | 7.74 | 15. 59 
JSS STE ES Bae Ee : 5.99 | 12. 06 


| 


























280 Journal of Agricultural Research 


Vol. 62, No. 5 








The variance values for the Acala 4067 variety presented in table 25 
indicate highly significant differences in fiber diameter between plants 
and significant differences between regions. 














TABLE 25.—The analysis of variance of the fiber diameter by plants and regions on 
the seed coat of the Acala 4067 variety of cotton 


REGION MEANS 















Region No 















Mean fiber diameter (microns) ..................---------._- 15.81 | 15.16 | 14.55 | 15.10 | 15.10 

















PLANT MEANS 














Pet ape... 25 255 | A B Cc D E F | G H | I | J 








Mean fiber diameter (mi- 
crons) 





14.49 | 15.23 | 14.96 | 15.97 | 15.27 | 14.79 | 14.44 | 14.26 | 16.62 
































ANALYSIS OF VARIANCE 











Degrees 
f 


Variation due to— 


Mean Required 
freedom square _ 
Found 











5 percent | 1 percent 
point point 





























Standard deviation of the experiment=0.721 





t TEST 








Standard | Least difference neces- 
Standard | itor of the sary for odds of— 


























Item error, — —__ 
any mean | any 2 Re th 
means ; M: 



















SAE Mi hp Cec ee ee Sis aniesecuieue 0. 294 0. 416 0. 84 1,12 
| SE a aE A eae + 228 | . 322 65 . 87 

































The variance of the fiber population in the Rowden 40 variety is 
contained in Table 26. Odds of less than 19:1 indicate that differences 
between plants are not significant, whereas odds greater than 99:1 
show that there are highly significant differences between regions. 














TABLE 26.—The analysis of variance of the fiber population by plants and regions 
on the seed coat of the Rowden 40 variety of cotton 


REGION MEANS 

















pie ea i Se ee eo Crean ae a ae 











eee MENNONOT WOON. os occ cee : | 1, 725 





414] 424] 202] 438| 216 
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TaBLE 26.—The analysis of variance of the fiber population by plants and regions 
on the seed coat of the Rowden 40 variety of cotton—Continued 


PLANT MEANS 





Plant symbol f E | F | G 











Mean number of fibers 472 | 719 





ANALYSIS OF VARIANCE 


eee 


Degrees 








Mean Required 


0 
square oe 
freedom Found 


Variation due to— 


5 percent | 1 percent 
point point 





69, 446 
3, 315, 923 
108, 415 











Standard deviation of the experiment=329 





t TEST 





Sanders Least ene neces- 

error of the sary for odds of— 

Standard difference 
= between 

any Mean 

any 2 19:1 99:1 

means : . 








134 90 383 511 
Regions 104 147 1 296 1 395 











1 Probably not valid for certain comparisons. Least differences calculated from individual standard 
errors of regions are as follows for these comparisons: 





Least differences for 


Regions compared 








The analysis of variance for the fiber length in the Rowden 40 
variety is presented in table 27, wherein odds greater than 99:1 


indicate that there are highly significant differences between both 
regions and plants. 


TABLE 27.—The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Rowden 40 variety of cotton 


REGION MEANS 





Region No 3 





Mean fiber length (inches) 
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TABLE 27.—The analysis of variance of the fiber length by plants and regions on the 
seed coat of the Rowden 40 variety of cotton—Continued 


PLANT MEANS 
| 
a 


1.010 | 1.020 | 0.860 | 0.910 | 1.060 | 0.890 | 1. 060 





Peet eget. -- een Gare tah 
Mean fiber length (inches) - -_| | 


1. 090 ie 0. 950 | 1. 060 
| 


ANALYSIS OF VARIANCE 


Degrees j 
Variation due to— ae emeoind Re isi Odds 
freedom | Sduare . -——- - 

Found 

5 percent | 1 percent 

point point 

Plants 
Regions 
Error 


0. 0421 
. 0187 | 


experiment =0. 054. 


Standard | Least difference neces- 
Standard | ror of the sary for odds of-- 

difference 

vane , between 
| any mean | “any 2 
means 


19:1 99:1 


| 

| 
i Se ae 8 0.0220} 0.0311 0.0626 0.0837 
DMS ero. yk, | ‘0171 | ‘0242 ‘0487 "0651 


The syats of 1 variance for the fiber saan in die Reiki 40 
variety is contained in table 28. Odds greater than 19:1 for plants 
and more than 99:1 for regions show that there are significant differ- 
ences between both regions and plants. 


TABLE 28.— The analysis of variance of the fiber weight per inch by plants and regions 
on the seed coat of the Rowden 40 variety of cotton 


REGION MEANS 


1 


Region No ee awk ide aktrosbs: : ‘ id 


Mean fiber =—* (0.0001 
Ss a 


PLANT MEANS 





Plant symbol. - - 


Mean fiber weight — 
mg.) 
4. 
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TABLE 28.— The analysis of variance of the fiber weight per inch by plants and regions 
on the seed coat of the Rowden 40 variety of cotton—Continued 


ANALYSIS OF VARIANCE 


| Degrees | : oN 
Variation due to— of —_ | meant 
freedom square . ————— 
Found 
|5 percent | 1 pereent | 
ie point point 
Plants SGN .73| 280) 215 
Regions ; bee | : 3. 60 | 5. 66 ie 2. 42 
Error : ae se ! 228. 56 |___- H pete 
Total __- ' " pid | 59 | Standard deviation of the experiment = 15,12. 
! Wah (tera 
t TEST 


| Standard | Least difference neces- 
error ofthe| sary for odds of— 

difference |__ 
—_ 


Standard | 
Item error, | 
any Mean 


any 2 


9¢- 
po nk 19:1 96:1 


Plants.....___- ss i 5.17 | 7 17.58 23. 48 
Regions poe ASS pen EA SER Sock ; 3. 76 | dl 18. 18 





The variance analysis for fiber hisadliae ae in the Paes 40 
variety presented in table 29 indicates very real differences between 
plants and also between regions. 


TABLE 29.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Rowden 40 variety of cotton 


REGION MEANS 


Region No a ae Fae ee 


Mean breaking load (grams)... _-__- --_-- LPP they a! PORE Ts, 4.30 | 4.90 | 4. 54 ‘onl 6.11 
| | | 


Plant symbol- - - 





er od 4.38 | rial Oe 


ANALYSIS OF VARIANCE 


| Peta S Ae Ne 
Mean | | Required 


a “ae 

| freedom | square 2 ieee ee 
| 

| | | 


| | 
| Degrees | 

Variation due to— of 
| 


| 5 percent | 1 percent 
point point 


Regions____- 
tt sk 








MR ian os one eet amuece | Standard deviation of the experiment =0.95. 
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TABLE 29.—The analysis of variance of the fiber breaking load by plants and regions 
on the seed coat of the Rowden 40 variety of cotton—Continued 




















































is 
t TEST dif 

| a 

| Standard | Least difference neces- 

st Standard — = _ sary for odds = a 

gage between 
any mean 
any 2 19:1 99:1 = 
Means ‘ " 

b> fit 

ESS APE ae ac PCE Me 0. 3878 0. 5484 1. 104 1. 475 
’ MR ght ceo oe en ie : - 4248 . 856 1.143 Wi 
aoe T 

The data contained in table 30 for the variance of the percentage of 

thin-walled fibers in the Rowden 40 variety indicate that there are 
very real differences between regions and nonsignificant differences zs 
between plants. a 
TABLE 30.—The analysis of variance of the percentage of thin-walled fibers by plants N 
: and regions on the seed coat of the Rowden 40 variety of cotton é 

REGION MEANS 

i a ed ed coensakane cdbaees ] 





Mean percentage of thin-walled fibers 








PLANT MEAN 





a ea | A | B Cc | D E F | G H I J 














Mean percentage of thin- 
walled fibers 





sanpbeeruiance 14 21 24 27 25 


























ANALYSIS OF VARIANCE 


| 












me a Mean | Required 
square 
freedom Found 


Variation due to— Odds 


5 percent | 1 percent 
point point 








ae 


4, 441. 20 
LAA IA nin kchib wade api ase nnenesicnd 268. 91 

















Depa e ina nscale bole SCR wakes Standard deviation of the experiment= 16.40. 








t TEST 








Standard | Least difference neces- 
Standard | error of the sary for odds of— 













difference 
Item or ales between 
. any 2 


19:1 99:1 
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The variance analysis for fiber diameter in the Rowden 40 variety 
is presented in table 31. The values do not point to significant 
differences between either plants or regions. 


VARIANCE OF FIBER CHARACTERS FOR THE ENTIRE EXPERIMENT 


Results for the analysis of variance within varieties have been given 
on the preceding pages. 

The whole experiment has been set up and analyzed for variance of 
fiber population, length, weight, breaking load, percentage of thin- 
walled fibers, and diameter. 


TaBLE 31.—The analysis of variance of the fiber diameter by plants and regions on 
the seed coat in the Rowden 40 variety of cotton 


REGION MEANS 





Region No. 4 5 | 6 
| 
Mean fiber diameter (microns) -...._......-.-.-------------- | 4 3 16.78 | 16.52 














PLANT MEANS 





Plant symbol = Cc D I | J 


| 
Mean fiber diameter (mi- 
crons) 16.62 | 16.79 | 16.32 | 17.06 16.45 | 16.45 



































ANALYSIS OF VARIANCE 





F 





Degrees Mean ; 
Variation due to— Pa. square Required 


5 percent | 1 percent 
point point 





0. 589 
- 560 
- 469 














Standard deviation of the experiment =0.685 











t TEST 





mentee Least ne 4 gl 
error of the sary for odds of— 
Standard | ‘Gitference 
one between 
any mean any 2 
means 





19:1 99:1 





0. 280 0. 396 0. 798 1. 065 
EERE RE SSS a ee ae ere, .217 . 307 . 618 . 826 














The analysis of variance for the fiber population of the whole 
experiment is given in table 32, wherein odds of more than 19:1 
indicate that there are significant differences between the mean popu- 
lations of varieties and odds greater than 99:1 show that there are 
highly significant differences between the mean populations of regions. 
Odds amounting to more than 19:1 point to the fact that the interac- 
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tion of varieties with regions (varieties times regions)’ is significant; 
that is, varieties significantly affected the fiber population of regions. 


TABLE 32.—The analysis of variance of the fiber population for the total experiment 
including all five varieties of cotton 


REGION MEANS 


Region No____- : We 2 3 | 4 | 8 6 


Mean number of fibers__._____- beers Sf ABT ade | BOB | 888 


| 
| 


VARIETY MEANS 





ae | _Coker- Farm ar A ae ai 
ae | Cleveland | Relief ry om : 
884-4 No. 1 . 
Mean number of fibers per region 529 640 507 | 662 570 
| | 





ANALYSIS OF VARIANCE 
———_——_—_—_— ~~ 

















| F 
| Sere: 
| | 
Degrees | | a! | 
Source of variation we Mean | | Required Odds 
freedom square | Found pie kf) dees ee 
| | | 
5 percent | 1 percent 
| point | point 
| = ROSE Bs SARs pits 
iC a ie ae ges (Divi | | | 
Between varieties | 4 277,205 | 13.38 2. 58 3.77 | >19:1 
Within varieties 45 | 82, 074 | 
Between regions. . 5 | 14, 718,628 | 2? 110.16 29% 3 4.10 >99:1 
Varieties Xregions _.__- 20 133, 607 | $1.73 1. 57 | 1. 88 >19:1 
Remainder... awe 225 | 77, 248 | } P 
Total__ ; 299 | 
t TEST 
| Standard | Least difference neces- 
Standard | &rror ofthe| sary for odds of— 
Item error, | difference |___ 
any mean | — | 
{eee | 19:1 99:1 
means | 
| | 
Varieties # : eee 37 | 52 | 105 140 
74 | 5154 5211 


Regions 5 ER : | 52 | 





= M.S. varieties 
M. S. within varieties 
M.S. regions _ 
M. S. varietiesXregions 
3M. 8. varietiesXregions 
M.S. remainder 
‘n for computing standard error any mean=60; n would be 10 if means were plant totals. 


5 Probably not valid for certain comparisons. Least differences calculated from individual standard 
errors of regions are as follows for these comparisons: 











Least differences for 


odds of— 
Regions computed REL Se Rds 
| 
19:1 99:1 
Qand 4..____- i E aoe 55 | 73 
2 and 6_.- : Hone eee 54 71 
3 and 5__- : ee : : z 121 | 16] 


4and 5 soe ek ys ‘ : eens Cie OR tok ees oe 83 | 110 












th 








7 
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The variance analysis of the fiber length for the whole experiment 
is contained in table 33, wherein odds greater than 99:1 point to the 
fact that between varieties and also between regions on the seed coat 
there are highly significant differences. In table 33, also, odds of 
less than 19:1 indicate that the interaction of varieties and regions 
is not significant for length; that is, varieties apparently did not sig- 
nificantly affect the fiber length of the regions on the seed. 


TABLE 33.—The analysis of variance of the fiber length of the total experiment in- 
cluding all five varieties of cotton 


REGION MEANS 





4 


| f 6 
atopy ts leon 


] ] 
| EDEN SR es ae ee ane ae Oe EP eke Re ee ine ee. | 2 


Mean fiber length (inches) ____..__-..-_.---_- ares 1. 094 


| 
| 
| “J 
1.097 | 1.085 | 1.079 | 1. 044 | 1, 029 


VARIETY MEANS 










































































| | g 
i Coker- Farm | Cao . 
— Cleveland | Relief —_ i 
. 884-4 No. 1 se 
Mean fiber length per region (inches) .._..._.__- 1.113 1. 102 1, 165 0. 986 0.991 
ANALYSIS OF VARIANCE 
Add niaeosieioe 
P | 
Degrees eee Bee 
Source of variation of bona om Required | Odds 
freedom ee Found aResemen GaGTe Mae 
5 percent | 1 percent 
point | point 
jeeiewteensoes (Fs Se aa te 
Between varieties... ..........-- ee 4 0. 3801 111.45 | 2. 58 | 3.77 | >99:1 
Winin verieties................... 45 Ce Se ae Reel 2S ee us 7 
SS a 5 . 0393 28.93 2. 26 | 3.11 >99:1 
ER re 20 . 0054 31.23 1. 57 1. 88 <19:1 
Ee eee eit 225 AS EAS ERE eae aa! ORDERS, ARS eA 
<r REN pRo taee ee | 299 
t TEST 
2 "ence a ee ee el rs RL 9 ee ant ER 
Standard | Least difference neces- 
Standard Ippo dead sary for odds of— 
Item | aT eet OS Pie eS 
| any Mean any? | 
| are I 19:1 | 99:1 
| | means | 
——S$ | 
SS TEETER kA _...---| 0.0235 | 0.0333 | (0. 0671 0. 0896 
ESE aan Se rise pare yi teres aera . 0094 | . 0133 | . 0262 . 0346 








1M. S. varieties 
M. S. within varieties." 
2M. S. regions 
M. S. remainder. 
significant relative to the remainder. 
3M. S. varieties X regions 
M.S. remainder : 

4n for computing standard error any mean=60; n would be 10 if means were plant totals, 


312154—41——3 





+ Remainder is used as error for regions instead of varietiesXregions, which is not 
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The variance analysis for the fiber weight per inch of the whole 
experiment is presented in table 34, wherein odds less than 19: | 
indicate that the differences between varieties in the fiber weight 
(average weight of the six regions on the seed coat) are not signif- 
icant. Odds of greater than 99:1 in table 34 show that differences 
between regions are highly significant, while odds less than 19:1 
point to the fact that varieties did not significantly influence the 
fiber weight per inch of regions. 


TaBLE 34.—The analysis of variance of the fiber weight per inch for the whole experi- 
ment including all five varieties of cotton 


REGION MEANS 








<a —— at et 
Region No__- Fee ee Soh pers | 1 a se et | | 5 | 6 
OA NEE pee ora aa RES Eas ees 
Mean fiber weight (0.0001 mg.) 34 | 49 44 | 58 55 9 
VARIETY MEANS 
: | Coker- Farm | 
Mes" | Cleveland | Relief | Acals | Rowden 
” | 884-4 No. } | Pe 
ee ae ee is! SSIS ere v 2: a iota: 
Mean fiber weight (0.0001 mg.) 50 | 47 | 51 48 53 
| 





ANALYSIS OF VARIANCE 


F 








Z sieve) 
| 
Deerees | Mean | Required 
Source of variation of Samapace equire Odds 
freedom square | gp a ere ens 
Found | | 
5 percent | ] percent 
point | point 
ee a i cencsiasaehe mes etait ls Rea a " 25 se aS ee 
| | 
Between varieties.._________ . 4 | 10), 92 | 5. 63 | 13.46 | <19:1 
Within varieties. ___ oe : 45 ; : | 
Between regions. _ _- coe 5 | 2 56. 88 | 2. 26 3.11 | >99:1 
Varieties xregions.___. Sas a 20 31.18 | 1.57 | 1.88 | <19:1 
Remainder-_.__.___- ce ar 225 | : | SS 
| i 








MNES tos cet chou Banc. poe ek 299 | 


t TEST 


Standard | Least difference neces- 
Standara |crrorofthe| sary for odds of— 
Item error ueerenen 


‘ between | 
any mean any2 | 
| 











1 \ anne 19:1 99:1 
Varieties 4____ ae cate debceie Shae : 2.363 | 3. 342 | 6.731 | 8. 990 
Regions pres ssentuedee Sees a .| 1. 263 1. 784 | 3.518 | 4. 640 
1M. S. varieties 
M.S. within varieties. 


2M.S. regions Z x . . ae - : A 
“hi 6.temalnde.” Remainder is used as error for regions instead of varieties Xregions, which is not 
significant relative to the remainder. 


8M. S. varieties X regions. 


v7) 





M. 8. remainder 
‘n for computing standard error any mean=60; n would be 10 if means were plant totals. 









Me 


B 
v 
B 
V 
I 








fc 
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The variance analysis for the single fiber breaking load of the entire 
experiment is contained in table 35, wherein odds greater than 19:1 
indicate significant differences between varieties. Odds of more than 
99:1 show that there are highly significant differences between region 
means, while odds less than 19:1 point to the fact that varieties did 
not significantly influence the fiber breaking load of regions. 


TaBLE 35.—The analysis of variance of the fiber breaking load for the total experiment 
including all five varieties of cotton 


REGION MEANS 


a | 


| 
NE PD see Soe a ciokw ‘ : wie oy FR 3 | 4 ae 6 
ST ae 2 es ss io — } a 

| 

| 


| 

Ste Saeed | 5 

4.32} 6211] 5.70] 6.78 
| 


Mean breaking load (grams) t3 : AS eae | ayes 
VARIETY MEANS 





| 
ie Coker- Farm | : ae 
Meapee | Cleveland | Relief | —_ — 
884-4 No.1 4 
alleen nla einem eae aid EL daiccipichal wiaesiiaietecrs 
| | 4.75 4.92 | 5.45 


Mean fiber breaking load (grams) - - -- so a | 5. 42 4. 54 


ANALYSIS OF VARIANCE 








| | F 
| ) ee 
Degrees | : Required 
Source of variation oar ee a | on ee ee eae 
| freedom _ | Found | l | 
| | 5 percent | 1 percent | 
| | | point | point 
Between varieties ; | 4 9.9257 13.56| 258| 3.77| >19:1 
Within varieties. | 45] 2.7567 | e | 
Between regions. . oy 5| 63.2078 | ?85.06| 2.26| 3.11 | >99:1 
Varieties Xregions | 20 | . 6044 | 3,97 | 1.84 | 2.42 | <19:1 
Remainder - - - _ --- | 225 A Seen tee mee eer) ioe bare 
| | | | 
SS Se oped 299 | 





t TEST 





Sara: ¢ ere kv ainene oek pte ee eae 
| | Standard Least difference neces- 
Standard | &rtor ofthe} sary for odds of— 





t Q Be oes 2h eS eS ee 
Item | error, | ‘between | ] 
|} any mean | bis | 
ae } any2 | i913 | 99:1 
| means | we | ‘ 
ne ; EEE UE eens 0. 2142 | 0. 3029 | 0. 6100 0. 8148 


Regions __ ; ‘ ae For -1119 | . 1582 | . 3120 -4115 








'M. S. varieties 
M. 8S. within varieties’ 
eg ewions Remainder is used as error for regions instead of varietiesXregions, which is not sig- 
nificant relative to the remainder. 
_'M. S. varieties Xregions. 
M. 8. remainder 
‘n for computing standard error any mean=60; n would be 10 if means were plant totals. 














The analysis of variance of the percentage of thin-walled fibers for 
the total experiment, presented in table 36, gives odds greater than 
19:1 for varieties and odds greater than 99:1 for regions, and also for 
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—. 


varieties X regions; that is, there are differences between both varicties 
and regions, and varieties significantly affected regions relative to the 
percentage of thin-walled fibers. 





TABLE 36.—The analysis of variance of the percentage of thin-walled fibers for the 
total experiment including all five varieties of cotton 


REGION MEANS 







































































: ; —- Bs 2 oy a ve 
Ragion No-...-- 3. ----- os Bing SONS ee Ea | 1 | 2 | 3 | 4 | 5 | 6 
he: eave EC OEP ite eS ERS is 
| | | | 
| | | | 
Mean percentage of thin-walled fibers. _.........____- | 50 19 | 28 8 | 9 | 8 
a Sie = ieos A 3 fe 
VARIETY MEANS 
| ee a a 
| a Coker- | Farm be 
} Mexican Cleveland | Relief Acala | Rowden 
128 aaa” |: aes 4067 40 
ee — a —— eecemmemees \nime-oame | a — 
Mean percentage of thin-walled fibers.__.______- 16 18 20 23 | 25 
ANALYSIS OF VARIANCE 
i Sosa res Eee s eae a 
| F | 
| 
| Degrees & ea 
Source of variation | of | — | Required | Odds 
| freedom | S@8re | Found |_ (eee ea 
| | | |5 percent | 1 percent | 
| | | point | point | 
Between varieties... Petia ok 4} 93.96) 1261] 258| 3.77] S104 
Within varieties ___......__.___- | 45 320. 67 |_- | oe 
Between regions -_----_--_- : : ------| 5 13, 933. 49 2 33. 66 | 2. 71 4.10 | >99:1 
Varieties Xregions..__----..._--- ies 20 413. 94 3 2.63 | 1. 57 1.88 | >99: 1 
DSc Sun iicen cue > | 225 157. 41.{..... --| : Sai ee 
| ' | 
I eRe AT EE oe 
Total __- 299 
t TEST 
| | Standard | Least difference neces- 
. |errorofthe| sary for odds of— 
Item ee ee he 
| any mean | PCtween | 
| any2 | = 49-4 99:1 
| | means | s 
Bee Cetra em | bad oe cea 
Varieties _....... Bere eh eee cree bere ee ad 2.311 3. 268, | 6. 58 79 
Regions. ---.-.- ete wise ged Cage ouaee | 2.877 4. 069 | 8.49 11. 58 











1M. S. varieties 
M. S. within varieties 
2M. S. regions 
M.S. varietiesXregions” 
3M. S. varietiesXregions 
M. 8. remainder : 
‘n for computing standard error, any mean=60; n would be 10 if means were plant totals. 











The analysis of variance of the fiber diameter for the entire experi- 
ment is given in table 37. Odds greater than 99:1 in this table indi- 
cate that there are highly significant differences between varieties and 
also point to the fact that varieties very significantly influenced the 
fiber diameter of regions. Odds of less than 19:1 in the same table 
indicate that differences between regions are not significant. 
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TaBLE 37.—The analysis of variance of the fiber diameter for the total experiment 
including all five varieties of cotton 



























REGION MEANS 





ES Ea oes peer odes ee Serre 1 | 2 | 3 | 4 5 6 





Mean fiber diameter (microns) - - -- ----------- Bees 16.40 | 16.18 | 16.12 | 15.90| 15.99 16. 00 
| 


| 





VARIETY MEANS 


oncatitaasnitaine mn 2 ho cate ee Ae ae — ‘ 






































: Coker- Farm Acala | Rowden 
nee = Relief 4067 | 40 
84-4 No. 1 
Mean fiber diameter (microns) . --_------.---- | 16. 32 15. 62 16. 85 15. 09 | 16.60 
ANALYSIS OF VARIANCE } 
| | F 
| Degrees Mean | i Pa ee rae as 
Source of variation of square | | mene Odds 
freedom | Wega | oo 8 es 
| 5 percent | | 1 percent | 
| | point | point 
aS Sak PMs GSAS: MERCIA GIO 
Between varieties. | 4 31.81 | 113.37 | 2.58 3.77 | >99:1 
Within varieties __......--._-- EAEY 45 | 2:38 |_- fis rete eet 
Between regions. -_-__-- ceeacael 5 | 1. 59 ? 1.36 | 2.71 4.10 | <19:1 
VarietiesXregions. = ie kak 20 | 1.17 32.05 | 1. 57 1.88 | >99:1 
Remainder - - --- | 225 | set Seah -| 4 Seah | pe 
_ - a 
| 
Total. -... | 299 | 
t TEST 
ee pecs ees, ta ee erect eee s- Star RIK NGG, EAN Reh AG 
a | Standard | Least difference neces- 
| | error of the sary for odds of— 
Item | ree difference | Sie SER SE SP 
| any mean between | 
any? | 19:1 99:1 
| means | 
Be Sees SEEN eot oe SRN ES. 
| | | 
Marios * 5-2. tei) eee as | 0. 1991 0. 2816 | 0. 57 | 0.76 
IRE 82 tg oe ue aka oet ake sen ae | . 1530 . 2164 | 45 | . 62 








1M. S. varieties 
M. S. wit pghorgg 
2M. 5S. regions 
M.S8. tee semgtoan 
3M.8. varietiesXregions 
M.S. remainder 
‘n for computing standard error any mean=60; n would be 10 if means were plant totals. 








COMPARISON OF THE FIBER POPULATION OF VARIETIES BY SINGLE REGIONS 


From data on the fiber population of each of the six regions from the 
10 plants of each of the five varieties calculations were made to obtain 
the analysis of variance values for population. These summarized 
values are presented in table 38. Between varieties the odds shown 
are less than 19:1 for regions 1, 3, and 4, 19:1 for region 2, and greater 
than 99: 1 for regions 5 and 6. 
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TABLE 38.—The variance of fiber population by single regions for between the five 
varieties of cotton 





OBSERVED VALUES 


Mexican 128. - 
Coker-Cleveland 884-4 
Farm Relief No. 1... 
Acala 4067 -- - 

Rowden 40___- 








| | 
i | | Degrees | ; | - 
Region Variation due to— | of free- | fei ad | Required 
-_ | i iy ee Ss (Ea 
15 percent | 1 percent 
point | point 
| 


Varieties. ____- 
See 


Total _- 


| (Varieties Se a aoe 
|) Error. __. ar 5 | 21, 575 | 


Total__ 


Varieties mee Rae 6 ED ST h 
Error _ b 5 | 109, 087 


Total... 





| (Varieties | an 


|) Error : 5 | 15, 380 | 13. 46 <19: 





Total 


| (Varieties 682, 924. a 
\JError_.__- : | 5 | 19, 539 


Total. __ 


|( Varieties _____ 
|} Error. _- 





Total. __- 


Standard Least difference necessary 
Standard error of the for odds of— 
error, any difference o 
mean between any 
2 means 19:1 99:1 





218° | 439 | 
65 | 

148 | 298 | 
55 | 111 
63 | 127 | 
4) 81 | 








Mar. 1,191 Fibers on Cottonseed of American Upland Cotton 293 





CoMPARISON OF VARIETIES FOR GOODNESS OF Fit FOR FIBER DISTRIBUTION 


The value of x? was determined for each of 10 possible pairs of 
varieties from the formula ' 


¢-[ Sef wy, 


in which f, and f, are the frequencies and N, and N; are the totals of 
these frequencies. The distribution of the “fiber population, x’, and 
P values are presented in table 39. The P values in this table are 
less than 0.000005 and the odds greater than 199,999:1 for any pair of 
varieties; therefore the distribution of fiber population is different in 
each possible comparison. 





TABLE 39.—The goodness of fit for the fiber distribution of all five cotton varieties 
OBSERVED VALUES 





Average fiber population of variety named— 
Region No. or class ! meee ia ] 


en Coker-Cleve- | Farm Relief ” re 
Mexican 128 land 884-4 SBA Acala 4067 | Rowden 40 








| | 
1, 457 2, 044 1, 493 | 1, 646 
296 437 440 | 499 
477 513 361 | 753 
286 273 233 | 270 
327 334 261 | 305 
317 241 256 | 406 | 











x? VALUE 





Varieties compared 


Value of Value of Odds 
x? £ 








Mexican 128 and Coker-Cleveland 884-4. Bee ane Sree. 

Mexican 128 and Farm Relief No. 1...---------.----- 

Mexican 128 and Acala 4067___......-.-------- 

amg Raed ae Rowden a mes ‘ 
oker-Cleveland 884-4 and Farm Relief No. 1- ‘add 32. 75 . eis 9: 

Coker-Cleveland 884-4 and Acala 4067... ......-_..-- 37.7 : 5 | Greater than 199,999:1. 

Coker-Cleveland 884—4 and Rowden 40_. d 

Farm Relief No. 1 and Acala 4067__-.--.-------- 

Farm Relief No. 1 and Rowden 40__-__._--------- 5 

Acala 4067 and Rowden 40... .._._...---------------- f 








| 
| 





1 m’=6 regions or classes. Then n for value of P in Elderton’s table (where n’=5+1=6) equals 5. (See 
ELDERTON, W. PALIN. TABLES FOR TESTING THE GOODNESS OF FIT OF THEORY TO OBSERVATION. Biome- 
trika 1:[155]-163. 1901.) One degree of freedom was used in the classification for the 6 regions. 


SIMPLE CORRELATIONS WITHIN VARIETIES 


From the data in columns 2 to 7, lines 1 to 10, of tables 2, 3, 4, 5, 6, 
and 7 simple correlation values were calculated to show the relation- 
ship of density of fiber population, fiber length, fiber weight, fiber 
strength, percentage of thin-walled fibers, and fiber diameter in the 
Mexican 128 variety of cotton. Calculations were also made from 
similar data for the other four varieties to obtain this relationship. 
tee correlation coefficients for the five varieties are presented in 
table 40. 


10 Love, HarRyY H. APPLICATION OF STATISTICAL METHODS TO AGRICULTURAL RESEARCH. 501 pp., illus. 
Shanghai. 1937. (See pp. 293-296.) 
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The values in table 40 are not significant for the correlation of 
density of fiber population with fiber length; whereas all the values for 
the correlation of density of fiber population with fiber weight are 
highly significant and negative—that is, as fiber population increases 
fiber weight decreases, or vice versa. The correlation of density of 
fiber population with the average strength per fiber is also negative 
and highly significant for each variety. The correlation values indi- 
cate a highly significant and positive relationship of density of fiber 
population with the percentage of thin-walled fibers in each variety. 
No variety shows a significant value for the relation of density of fiber 
population to the average fiber diameter. 


TABLE 40.—The simple correlation within varieties of density of fiber population, 
fiber length, fiber weight, fiber strength, percentage of thin-walled fibers, and fiber 
diameter for all five varieties of cotton. 





) abe sneer wae 





Variables paired 

















Simple correlation coefficients for variety named ! 





| 





Sa | Coker- |, Saal 
| ane Cleveland — Relief Acala 4067 | Rowden 40 
884-4 aw | 
} 
a x peatiacaraeipl sa as ae — sani -| a | - 
Density of fiber population and average | | 
fiber length . PIS Owe ‘ 0. 0780 | 0. 1164 | --0. 1528 | 0. 2200 0). 2354 
Density of fiber population and average | | | 
fiber weight per inch_______.-._._____- | **_ 6745 | **—,7080 | **—.6800 | **—.6978 | **—. 5413 
Density of fiber population and average | | | 
strength per fiber : ; **_ 5582 | **—.7152 | **—.6771 | **—. 6215 **—_ 4270 
Density of fiber population and percentage | | | 
of thin-walled fibers... ___- | **_ 7088 | **, 6361 | ** 7830 | ** 7741 ** 6406 
Density of fiber population and average fiber | | 
diameter _ __. mere by | —. 1083 —.0741 | . 2288 | . 0826 | . 2489 
Average fiber length and average fiber | | | 
weight per inch______ A **—.4106 | **—.3853 |  —.1562 | **—. 4443 | —, 2495 
Average fiber length and average fiber | | | 
strength =A 4 —. 0732 —. 0379 | . 0339 | *—. 2548 | —. 0758 
Average fiber length and percentage of thin- | | | 
walled fibers... eabeeienag . 1076 1338 | 0454 | **, 3467 | *, 2876 
Average fiber length and average fiber | 
aaa Ree ; **—_ 3433 —.1804 |  —.1702 | 0705 | 1612 
Average fiber weight per inch and average | | 
fiber strength __- Steals camo : ** 6281 **, 7922 | **_ 5728 | **, 7972 **, 3832 
Average fiber weight per inch and percent- | | 
age of thin-walled fibers ne AONE BS **— 7202 **— 7928 **—.7725 | **—. 4416 
Average fiber weight per inch and average | 
fiber diameter _-________- Fie ste ** 3561 2006 | —. 0743 | . 1539 | . 0985 
Average fiber strength and percentage of | 
thin-walled fibers_____- Semmes eile wa essai **— 5831 **— 7360 | *%—, 5754 | “**—.7751 | 9 **—. 7717 
Average fiber strength and average diam- | | | 
epee pee ae at. DEL AE NS - 0856 1187 | *—_ 2955 —. 0636 | —. 0144 
Percentage of thin-walled fibers and aver- | | 
GER PEER DORMER —. 0001 —. 0744 | *, 2585 | 0169 *. 2740 
} | | 








1 n’ =60 regions. n’—2=58 degrees of freedom for each variety. *significant values; **highly significant values, 
Significance in this and all other correlation tables of this paper is based upon the required values given by 
WALLACE, H. A., and SNEDECOR, GEORGE W. CORRELATION AND MACHINE CALCULATION. Rev. by G. W. 
Snedecor. Iowa State Col. Off. Pub. 30, No. 4, 71 pp., illus. 1931. (See table 16.) 


The correlation coefficients in table 40 for the relation of average 
fiber length to average fiber weight per inch are all negative, but are 
significant in only three varieties; namely, Mexican 128, Coker- 
Cleveland 884-4, and Acala 4067. The values show that the correla- 
tion of the average fiber length with thé average fiber strength is 
significant in only one variety, Acala 4067, for which the value is also 
negative. The values for the relationship of average fiber length to 
the percentage of thin-walled fibers are all positive, but they are signifi- 
cant in only two varieties; namely, Alcala 4067 and Rowden 40. The 
correlation of average fiber length with average fiber diameter is 
significant in only one variety, Mexican 128, for which it is negative. 
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The coefficients for the relationship of average fiber weight and 
average fiber strength in table 40 are all positive and highly significant. 
The values for the correlation of fiber weight with the percentage of 
thin-walled fibers are negative and highly significant for each variety. 
The values indicate that the correlation of fiber weight with fiber 
diameter is significant in only one variety, Mexican 128, for which it 
is positive. 

The values in table 40 show a highly significant and negative corre- 
lation of average fiber strength with the percentage of thin-walled 
fibers in each variety. The correlation of fiber strength and average 
fiber diameter is significant in only one variety, Farm Relief No. 1, 
in which the association is negative. 

The coefficients given in table 40 for the relation of the percentage 
of thin-walled fibers to the average fiber diameter are significant in 
only two varieties, Farm Relief No. 1 and Rowden 40. The asso- 
ciation is positive. 


SIMPLE AND PARTIAL CORRELATIONS FOR THE ENTIRE EXPERIMENT 


Simple and partial correlations of the fiber characters by regions on 
the cottonseed and also by plants, or seeds, are shown for the entire 
experiment in table 41. 


CORRELATIONS BY REGIONS 


The correlation coefficients calculated for any character from the 
300 regions on the 50 seeds of the five cotton varieties (6 regions x 50 
seeds=300 regions) are based upon differences between regions within 


seeds and also between regions of seeds, or plants. The values in 
table 41 calculated from 300 regions are therefore not independent of 
the position of the fibers on the seed coat. The simple and partial 
correlations calculated from the data of 300 regions and shown in 
table 41 indicate the following relationships: 

(1) The simple association of fiber population with average fiber 
length is not significant, while the partial association is significant and 
negative. As density of fiber population increases, fiber length de- 
creases when the other characters, fiber weight, fiber strength, per- 
centage of thin-walled fibers, and fiber diameter, are held constant. 
The simple and partial values for the relationship of fiber population 
with average fiber weight per inch, or unit weight, and also with 
average breaking load, or strength, per fiber are very significant and 
also negative. Positive and highly significant values are recorded for 
the simple and partial correlations of fiber population with the per- 
centage of thin-walled fibers; that is, an increase in density of fiber 
population is associated with an increase in the percentage of thin- 
walled fibers. The simple and partial values for the association of 
fiber population with average fiber diameter are not significant. 

(2) The simple and partial values indicate a negative and very real 
correlation of average fiber length with fiber weight per inch. The 
simple correlation of fiber length with fiber strength is significant with 
a negative value, while the partial relationship is not significant. 
Neither the simple nor the partial value for the relation of fiber length 
and the percentage of thin-walled fibers is significant. The coefficient 
for the simple correlation of fiber length and diameter is not considered 
significant, but the partial value for this relationship is positive and 
highly significant. 
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TABLE 41.-—Simple and partial correlations of density of fiber population, fiber 
length, fiber weight, fiber strength, percentage of thin-walled fibers, and fiber diameter 
for the entire experiment including all five varieties of cotton 











Simple correlation . Ne 
coefficients ? Partial order coefficients 








& eta : 
Simple order subscript ! Partial order 
E F | By plants, subscript 


| : | : By plants 

By regions By regions ’ 
or seeds nea 3 or seeds 

(n’=50) 4 (n’=300) (n’=50)4 


(n’ =300) 3 





0. 0515 *—(. 2936 12. 3456 *—0. 1235 *—0. 3071 
**— 6312 a 13. 2456 3 —. 1895 
**—_ 5662 : 5 . 2356 s —. 1750 

**_ 6601 - 264: 5. 5 - 366 . 2081 
. 0138 2 . 2348 . 04 . 2440 
. 2561 
. 1245 








. 1234 | 








1 1=density of fiber population; 2=average fiber length; 3=average fiber weight per inch; 4=average 
breaking load per fiber; 5= percentage of thin-walled fibers; 6=average fiber diameter. 

2 *Significant value; **highly significant value. 

3 n’=300 regions. n’—2=298 degrees of freedom for each simple value. n’—6=294 degrees of freedom for 
each partial value. 


4 n’=50 plants, or seeds. n’—2=48 degrees of freedom for each simple value. n’—6=44 degrees of freedom 
for each partial value. 

(3) The simple correlation of average fiber weight with average 
fiber strength is positive and very significant, and the same is true of 
the partial relationship. Negative and highly significant simple and 
partial coefficients are shown for the relation of fiber weight and the 
percentage of thin-walled fibers. Positive and very significant simple 
and partial values are noted for the correlation of fiber weight and 
average fiber diameter. 

(4) Negative and highly significant simple and partial correlations 
are recorded for the association of average fiber strength and the 
percentage of thin-walled fibers. Simple and partial values for the 
relationship of fiber strength and fiber diameter are not considered 
significant. 

(5) The value for the simple correlation of the percentage of thin- 
walled fibers with average fiber diameter is not noted as significant, 
while the partial value is positive and very real. 


CoRRELATIONS BY PLANTS, OR SEEDS 


The mean value of any fiber character for a cottonseed, or plant, 
was obtained by summing the values of the six regions and then divid- 
ing the total by six. This mean value represents the average value of 
the six regions but does not necessarily represent the true average of 
any of the fiber characters on any one seed, or plant. The correlation 
coefficients in table 41 have been calculated from 50 plant, or seed, 
means for each character, and therefore the influence of position on 
the seed upon any fiber character has been eliminated in the correla- 
tion values. The calculations are based upon differences between 
plants within varieties and also upon differences between plants of 
different varieties, and not upon differences between regions, or 
positions. The simple and partial correlation coefficients calculated 
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from the mean values of 50 plants, or seeds, and presented in table 41 
point to the following relationships: 

(1) The association of fiber population and fiber length is indicated 
by significant and negative values for both the simple and the partial 
orders. The simple correlation value for the relation of fiber popula- 
tion to unit fiber weight is significant and negative, while the partial 
value is not indicated as significant. The simple and partial values 
for the association of fiber population with fiber strength and also 
with the percentage of thin-walled fibers do not appear to be signifi- 
cant. The simple correlation of fiber population and fiber diameter 
is highly significant and negative, but the partial value is not recorded 
as significant. 

(2) The total correlation of fiber length with unit fiber weight is not 
significant, but a highly significant and negative value is indicated for 
the partial order. None of the simple or partial order values are 
significant for the correlation of fiber length with either fiber strength 
or percentage of thin-walled fibers. The simple association of fiber 
length and fiber diameter does not appear to be significant, and the 
partial value is not significant. 

(3) The simple and partial values do not indicate a significant 
correlation of fiber weight with either fiber strength or percentage of 
thin-walled fibers. The association of fiber weight and fiber diameter 
is positive and very real in both the simple and the partial relationships. 

(4) No significant relationship of fiber strength with either the 
percentage of thin-walled fibers or the fiber diameter is indicated by 
the simple and partial values. 

(5) The simple and partial order values do not indicate a significant 
association of the percentage of thin-walled fibers and fiber diameter. 


DISCUSSION 


The results presented show that for each of the five varieties the 
population of region 1 (which includes the chalazal area at the basal 
end of the seed) is significantly denser than that of any other region. 
The mean fiber population for each of the six regions (see fig. 1) 
studied indicates that the varieties are somewhat similar in the dis- 
tribution of fiber population, in that density is highest at the chalazal 
region and gradually becomes less as the raphe and the micropylar end 
of the seed are approached. The mean fiber population for regions, 
or punch areas, of the whole experiment indicates that the population 
of region 1 is significantly, denser than that of any other region; that 
the population of region 3 is significantly denser than that of regions 4, 
5, and 6; that the population of region 2 is significantly denser than 
that of regions 4 and 6; and that the population of region 5 is signifi- 
cantly denser than that of region 4. There is apparently a tendency 
for the fiber population to decrease in going from the chalazal area 
toward the micropylar, or apical, end of the seed; and the population 
also appears to decrease in a horizontal direction (see fig. 1) in going 
from regions 3, 5, and 6, toward the raphe. In order to compare 
these results with those of previous work, the fiber-population means 
per region, or punch area, in table 32 have been divided by the area 
per region, 3.567 mm.’, and are presented in table 42, along with 
data previously obtained. 
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TABLE 42.—The fiber distribution of the entire experiment as compared with that 
obtained from previous data 


: OBSERVED VALUES 





| 
| Source of data and average fiber population per 
| square millimeter of seed-coat surface 





Region No.1 | 

20 naked Frond 4 mat ‘from 4 
sarintiee | rom 20 plants | Pi ants (1924 

ue * O87 ar) (1924 crop)? | crop) 3 





















PL, wen CRA 469 | 


| 
117 | 57 81 
142 | 64 116 
71 | 32 47 
98 | 43 78 
| 


81 | 





VALUE 























; wr 

¥ Kind of comparison Value of x? | Value of P Odds 
Columns 2 and 3 from above._.__._.._.-_---------------| 8, 12 | 0. 087847 10 tol 
Columns 2 and 4 from above. __- as shen cel 20. 67 | . 000257 3,890 to 1 











1n’=6 regions. Then n for value of P in Elderton’s table (where n’=5+1=6) equals 5. 1 degree of 
freedom was used in the classification for the 6 regions . (See reference given in footnote to table 39, p. 293.) 
2 No fuzz on seeds and also a sparse fiber population. 
3 See footnote, 256. 
4 Fuzzy tip and base and sparse fuzz on middle part of seed. 

































Normal fiber population. 





The values for goodness of fit in table 42 show that there is fair 
agreement for the fiber distributions of the present results with the 
3 data obtained " on fuzzless seeds. The agreement is poor, however, 


w when the present data are compared with results from seeds having 
dense fuzz on the tip and base and sparse fuzz on the middle portion of 
i" the seed coat. The data in columns 2, 3, and 4 show a similarity in 


the three sets of data; namely, in each case the population is densest 
on region 1 and tends gradually to decrease in areas toward the 
micropylar end and the raphe of the seed. 

The average fiber length of regions for the whole experiment 
indicates that the length from basal regions (1, 2, and 3) is greater 
than the length of regions (4, 5, and 6) near the apical, or pointed, 
end of the seed. This agrees with the report made by Koshal and 
Ahmad ” on Surat and Indian Standard cottons. They state that 

r the mean fiber length at the base of the seed is significantly longer 
than that at the apex of the seed. 

The average fiber weight by varieties and for the whole experiment 
shows that the weight per inch of fibers from region 1 is much lighter 
that that from any other region. The results from the same source 
also indicate a lower fiber weight for the basal area (regions 1, 2, and 
3) than for the area (regions 3, 4, and 5) near the apex, or tip, of the 
seed. Such conclusions are also similar to those published by Koshal 
and Ahmad, who report that the mean fiber weight per unit of length 
is significantly higher for the apical than for the basal fibers. Camp- 
bell ° also found that the percentage of undeveloped fibers (having 
thin walls and relatively light weight) is highest at the basal end of the 
seed, becoming lower as the pointed end is approached. 

1 See footnote 2. 


2 See footnote 4. 
18 See footnote 3. 
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Within each of the five varieties and for the entire experiment, the 
average breaking load of fibers from the basal part of the seed is 
significantly lower than that of fibers from the apical portion of the 
seed. Within varieties (with the exception of Rowden 40) and for 
the whole experiment, the average breaking load of fibers from region 1 
is significantly less than that of any other region. Similar results are 
reported by Koshal and Ahmad, who measured the breaking load of 
single fibers at and near the chalazal region and also at the apical end 
of the seed and who state that the mean fiber strength is significantly 
higher for the apical than for the basal fibers in Surat and Indian 
Standard cottons. 

Within varieties and also for the entire experiment the percentage 
of thin-walled fibers is much higher on region 1 than on any other 
region. For the entire experiment the percentage of thin-walled 
fibers is significantly higher on the basal end of the seed than on the 
apical end; and within varieties the condition is similar. Transections 
of mature cotton fibers from regions 1 and 6 of a cotton seed are shown 
in plate 1. It will be noted that the thin-walled fibers are predominant 
in region 1 and very scarce in region 6. Campbell has already been 
quoted in the discussion of fiber weight. 

Significant differences in fiber diameter between regions on the seed 
coat within varieties are recorded for only two varieties, Acala 4067 
and Mexican 128. For the entire experiment the results indicate no 
significant differences in the average fiber diameter between regions 
on the seed coat. The detailed records on file point to the fact that 
variability in the fiber diameter of the five cotton varieties is due 
mostly to variability within regions. 

The distribution of each of the six fiber characters on the cotton- 
seed has been discussed and compared with previous data, but no 
reasons have been advanced to explain the distributions. Why is the 
fiber population denser on the basal surface of the seed, especially in 
the chalazal area, than on surfaces nearer the raphe and the tip, or 
micropylar end? The fiber population on the seed coat of naked seed 
and other types was previously determined by the author, who also 
made studies relative to the venation of the seed coat. A conclusion 
was reached that the venation of the seed coat was relatively sparse 
in the areas bordering each side of the tip half of the raphe and that a 
relatively low fiber population occurred in such areas. The venation 
pattern may be related to the supply of food and thus to the varia- 
bility of density of population; but, since density of population and 
unit weight are inversely correlated, there is not much, if any, evidence 
for the first relationship. The fiber population in American upland 
cotton types is determined within about 3 days (counting the date of 
flowering as the first day); the maximum fiber diameter is probably 
attained by the third day, and the full fiber length is reached in from 
17 to 20 days, after which growth of the secondary wall begins and 
continues for an indefinite number of days until it is completed. It 
does not seem that differences in the available food supply would 
affect the density of fiber population, since it is likely that there is 
sufficient food available at any location on the seed coat for the pro- 
duction of hair initials. Another question might also be asked. Why 
are the longer, weaker, and lighter fibers (per unit of length) with a 
relatively high percentage of thin walls on the basal surface of the 
seed? The available food supply as affected by variation in venation 
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does not answer this question. The relatively shorter fibers near the 
tip end of the seed are also heavier per unit of length, and it is prob- 
able that much more food is used for cell thickening than for elonga- 
tion. Since the fibers at and near the apex of the seed coat are 
heavier, they also have thicker cellulose walls and are stronger. 

It is conceivable that the very low relative fiber weight of region 1, 
which includes the chalazal area, is related to the loose arrangement 
of cells under the epidermal layer. That is, there is an appreciable 
area of space between the cells (pl. 2), and as a result transportation 
of foods to the chalazal area may be adversely affected. Since this 
region also has a high population, the limited food supply may not 
be sufficient for the normal wall development of all the fibers. Such 
a condition could be responsible for the relatively low fiber weight, 
relatively low fiber strength, and relatively high percentage of thin- 
walled fibers of region 1. No satisfactory explanation can be given 
to answer the two questions that have been raised. It is probable 
that inherent factors and physiology both play an important role in 
determining the distribution of fiber population, length, unit weight, 
strength, percentage of thin-walled fibers, and diameter. 

Differences between plants and also between varieties in the distri- 
bution of fiber population, length, unit weight, strength, percentage 
of thin-walled fibers, and diameter are probably inherent. 


SUMMARY AND CONCLUSIONS 


The distribution and relation of fiber population, length, breaking 
load, weight, diameter, and percentage of thin-walled fibers on the 
cottonseed were measured in the 1937 crop of five varieties of Ameri- 
can upland cotton (Gossypium hirsutum L.). Six regions, or punch 
areas, numbered one to six, were studied on each seed. Ten seeds 
from ten plants of each variety were investigated. 

Analysis of variance was applied to the data for each variety and 
also to the data for the entire experiment. Simple correlation coeffi- 
cients were calculated to show the relationship of the six fiber charac- 
ters one to another within varieties, and both simple and partial 
correlation values were obtained to indicate their relationship for the 
— experiment by regions, or punch areas, and also by seeds, or 
plants. 

The fiber population is densest at and near the chalazal area of the 
seed and becomes thinner downward toward the micropylar end and 
outward toward the raphe. Goodness of fit between the five varieties 
for the fiber population of the six regions shows that no two varieties 
are alike in the fiber distribution. 

The results from the whole experiment indicate that fibers on the 
basal end of the seed are lighter, thinner, weaker, and longer than 
those on the apical or micropylar end. 

Varieties significantly affect the population, diameter, and _per- 
centage of thin-walled fibers of regions. 

There are real differences between varieties in the means of fiber 
population, length, breaking load, diameter, and percentage of thin- 
walled fibers. 

The results obtained should serve as stepping stones to further 
progress in cotton-breeding and production work. Plants (as repre- 
sented by one seed) within a variety show differences among them- 
selves relative to fiber length, unit fiber weight, fiber strength, fiber 
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diameter, and percentage of thin-walled fibers—that is, regional dif- 
ferences. Some plants are more uniform than others. In the five 
varieties studied, however, it seems that the variation of fiber length 
and diameter on the seed is due mostly to variability within regions. 
This indicates that selection of plants for uniformity of length and 
diameter should be largely on the basis of uniformity of the whole 
fiber population of the seed without especial regard to regional differ- 
ences. It appears that the breeder may be able to select plants which 
show a relatively low amount of variation in fiber weight, fiber 
strength, and percentage of thin-walled fibers between regions on the 
seed and thus eliminate some of the variability in these properties. 

The present paper suggests possibilities in cotton improvement 
work; yet it, along with records on file, also indicates that there is 
probably considerable variation between regions in the fiber popula- 
tion, fiber length, unit fiber weight, fiber strength, and percentage of 
thin-walled fibers on single seeds of the five improved cotton varieties, 
indicating that the uniformity of a variety in any of these characters 
is limited by the variability found on the seed. Significant differences 
between varieties in the distribution and means of fiber population, 
length, strength, percentage of thin-walled fibers, and diameter are 
probably inherent. Differences between varieties in fiber length are 
of some value in varietal classification, and it is conceivable that diff- 
erences between them in the distribution of fiber population may help 
in taxonomic classification. 

The simple correlation within varieties of density of fiber popula- 
tion with average fiber weight per inch, with average strength per 
fiber, and with the percentage of thin-walled fibers is very significant 
and striking in each variety; and an increasing fiber population is 
thus associated with a decreasing fiber weight and fiber strength and 
with an increasing percentage of thin-walled fibers. Within each 
variety the simple correlations indicate a very consistent association 
of average fiber weight per inch with average strength per fiber and 
also with the average percentage of thin-walled fibers. An increasing 
fiber weight is correlated with an increasing fiber strength and with a 
decreasing percentage of thin-walled fibers. All these relationships, 
although not independent of the position of the fibers on the seed 
and the other fiber characters involved, appear to have some signifi- 
cance. For instance, selection for a denser fiber population should 
also lower both the fiber weight and the fiber strength and should 
raise the percentage of thin-walled fibers. Selection for a higher 
fiber weight per inch should raise the fiber strength and lower the 
percentage of thin-walled fibers. The simple correlation of average 
strength per fiber with the percentage of thin-walled fibers is very 
consistent and significant within each variety, where an increasing 
ee strength is associated with a decreasing percentage of thin-walled 

ers. 

The simple and partial correlations by regions for the entire experi- 
ment of density of fiber population with average fiber weight per inch, 
with average strength per fiber, and with the percentage of thin- 
walled fibers are similar in each relationship to the simple values 
within varieties; that is, an increasing population is asosciated with 
a decreasing fiber weight and fiber strength and with an increasing 
percentage of thin-walled fibers. For the entire experiment by regions 
the total, or simple, correlation of fiber population with fiber length 
312154—41——-4 
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does not appear to be significant, while the partial value is significant 
and negative; that is, with fiber weight, strength, diameter, and the 
percentage of thin-walled fibers held constant, an increasing fiber 
population is associated with a decreasing fiber length. The partial 
relationships discussed in this paragraph are not independent of the 
position of fibers upon the seed; however, it appears that selection 
on the cottonseed for a higher population should decrease fiber 
length, weight, and strength and increase the percentage of thin- 
walled fibers. For the whole experiment by regions there is a real 
negative association of average fiber length with average fiber weight 
per inch in both the total and the partial orders; the former fiber 
character shows a significant and negative simple association with 
average strength per fiber, but the partial value is very small and not 
significant; and independent of all other fiber characters there is 
perhaps a positive association of fiber length with average fiber 
diameter. Raising the fiber length should therefore theoretically 
increase fiber diameter and lower fiber weight. For the entire experi- 
ment by regions average fiber weight per inch appears to be corre- 
lated with average strength per fiber, with the percentage of thin- 
walled fibers, and with average fiber diameter in both the simple and 
the partial orders; that is, as fiber weight goes up, fiber strength and 
diameter increase and the percentage of thin-walled fibers decreases. 
As average strength per fiber for the whole experiment by regions 
increases, the percentage of thin-walled fibers goes down in both the 
simple and the partial orders; and an increase in the percentage of 
thin-walled fibers is associated with a larger fiber diameter in the 
partial relationship. 

In a general way the total and partial-order correlations for the 
complete experiment by plants, or seeds, are similar to those for the 
entire experiment by regions, expecially as to signs; but relatively 
few of the values are significant. This might be expected since there 
are only 50 plants, whereas there are 300 regions. For the entire 
experiment by plants (where each plant, or seed, is an average of 
the 6 regions and where the differences are between plants and not 
between regions, or position) density of fiber population is negatively 
associated with average fiber length in both the simple and the partial 
orders, and a negative relationship is also noted for the simple asso- 
ciation of fiber population with average fiber weight and with average 
fiber diameter. The entire experiment by plants indicates that inde- 
pendent of all other fiber characters, average fiber length is negatively 
associated with average fiber weight per inch and that average fiber 
weight is positively associated with average fiber diameter. Selection 
of plants, or seeds, for higher population should lower the fiber length; 
selection of plants for longer fiber length should lower fiber weight; 
and selection for higher fiber weight should raise fiber diameter. 





















RELATION OF DIET OF SWINE TO DEVELOPMENT OF 
LOCOMOTOR INCOORDINATION RESULTING FROM 
NERVE DEGENERATION ! 


By N. R. Euuis, senior chemist, and L. L. MapsEn, nutritionist, Animal Nutrition 
Division, Bureau of Animal Industry, United States Department of Agriculture 


INTRODUCTION 


A troublesome locomotor disorder among pigs, manifested by in- 
coordination in the use of the legs, abnormal posture, and lameness, 
which has been of common occurrence in the Bureau’s herd at the 
United States Department of Agriculture, Beltsville Research Center, 
Beltsville, Md., was described in an earlier paper (1).?. The observa- 
tions there reported suggested both diet and breeding as possible 
causative factors, particularly among pigs confined in small pens and 
fed in record-of-performance tests. The role of breeding was suggested 
by the high incidence of lameness among inbred litters, and some 
significance was placed on the abnormally low free-choice intake of 
calcium- and phosphorus-rich components of the diet. 

Although a lack of either vitamin A or vitamin D is recognized as 
causing characteristic types of lameness and paralysis, the disorder 
apparently persisted under a regimen considered adequate in these 
vitamins for growing and fattening pigs. It appeared that if the 
disease were of dietary origin, the cause was possibly an obscure 
derangement of calcium and phosphorus metabolism or suboptimum 
levels of an unknown vitamin or vitaminlike factor in the stock diet. 
An infection of swine erysipelas in the herd was also considered as a 
possible complicating factor since a small proportion of the growing 
pigs had swollen joints and other symptoms of this disease, which also 
occasionally resulted in lameness. However, no consistent gross 
lesions of the bones or joints, other than some possibly due to injury, 
were detected in the animals suffering from the type of incoordination 
under investigation. 

Further study of the problem was accordingly undertaken along 
the following lines: Determination of the effects of mineral elements 
in the diet; search for easily available feeds for use as supplements or 
replacements in the stock diet which would completely prevent or 
cure the disease; and, in order to facilitate the identification of the 
deficiency factor, the formulation of an experimental diet or diets 
capable of producing the symptoms. Control of the lines of breeding 
of the animals used in experimental lots and of the incidence of erysip- 
elas was coordinated with the dietary treatments. The results 
obtained are reported in this paper. 


REVIEW OF LITERATURE 


A disease characterized by posterior paralysis and incoordination of 
movement was described by Wehrbein (7) of the Iowa State College 


1 Received for publication July 11, 1940. 
? Italic numbers in parenthesis refer to Literature Cited, p. 316. 
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of Agriculture in 1916. Degeneration of the myelin sheath and of the 
brachial and sciatic nerves was observed. Efforts to demonstrate 
pathogenic organisms failed. In more recent years, Eveleth and 
Biester (2), also of the Iowa State College, have continued the work 
and have reviewed the reports of other investigators from the stand- 
point of the possible involvement of vitamin A and of the vitamin B 
complex in the nerve degeneration in various species. ‘The complexity 
of the problem is evidenced by the conclusions of the Iowa investiga- 
tors, which indicate that the incoordination and myelin degeneration 
in the nervous systems of swine are not necessarily associated in all 
cases and that neither vitamin A nor the vitamin B complex is re- 
sponsible for the myelin degeneration. 

In work on young pigs fed artificial diets, Wintrobe, Mitchell, and 
Kolb (7) observed poor growth, marked ataxia, and severe nerve and 
spinal-cord degeneration when the content of yeast was gradually 
reduced and thiamin and riboflavin substituted in the ration. In 
work at the Beltsville Research Center (6) on the vitamin B, require- 

ment of young swine, nerve and spinal-cord degeneration have also 
been encountered in animals fed autoclaved diets with and without 
the addition of thiamin. 

The observations of Hogan and coworkers (3) are also of interest 
because of their relation to sows and suckling pigs and because the 
development of the abnormal gait seemed to depend on sudden changes 
in the nutritive value of one or more constituents of the diet. These 
investigators reported serious losses during certain years in the pig 
crop, whereas in others the disease was mild in form or absent. 

Hughes (4) has worked with purified diets in which the components 
of the vitamin B complex were varied. He observed marked lameness 
in pigs fed a diet low in riboflavin, although other groups on riboflavin- 
rich diets that were in turn low in thiamin, nicotinic acid, or other 
fractions of the B complex were not free of lame pigs. 

Besides these reports, information in the possession of the Bureau, 
including communications from a number of workers at various State 
experiment stations, indicates that the disorder is of serious economic 
importance and is more prevalent in some years than in others. 


EXPERIMENTAL PROCEDURE 






Beginning with the spring farrow of 1937 and continuing through 
the spring farrow of 1939, groups of pigs were fed in concrete-floored 
pens under essentially the same conditions as those prevailing in 
record-of-performance tests except for dietary differences. Two 
experiments, one with spring and the other with fall pigs, were con- 
ducted each year. In the earlier experiments, the number of lots 
was restricted to six, and litters containing at least six pigs were 
utilized in order to provide litter mates in each lot. These litters 
were selected so far as possible from inbred stock which had shown a 
predisposition toward lameness, in an attempt to accentuate the 
effects of the various diets either in completely protecting against or 
in intensifying the symptoms. After 1937, this inbred stock became 
so depleted in the herd that it was not possible to continue this pro- 
cedure. In the more recent experiments, it has been necessary also 
to depart somewhat from the use of complete litter-mate groups and 
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to select closely related pigs of similar age, sex, and weight. The 
pigs were generally placed on experiment at 10 to 12 weeks of age. 

The diets were prepared from the general supply of feeds purchased 
for use in swine feeding at Beltsville. The stock diet consisted of 
No. 2 yellow corn, digester tankage of 60 percent protein content, 
linseed meal, alfalfa-leaf meal made from sun-cured hay, and a mineral 
mixture. This mineral mixture consisted of ground limestone, 50 

ercent; steamed bonemeal, 27.97 percent; common salt, 20 percent; 
iron oxide, 2 percent; potassium iodide, 0.02 percent; and copper sul- 
fate, 0.01 percent. This mixture constituted 0.8 to 1.0 percent of the 
stock diet. The supplemental or replacement feeds were varied, being 
chosen because of known or supposed mineral, vitamin, or protein 
value and as contrasting feeds for replacement of the corn, tankage, 
linseed meal, or alfalfa-leaf meal. 

The diets were adjusted, through changes in quantities of corn or 
other cereal and tankage, or its substitute, to furnish approximately 
18 percent of protein to pigs between the weights of 40 and 100 pounds, 
15 percent to those between the weights of 100 and 160 pounds, and 
12 percent to those with weights of more than 160 pounds. Whenever 
linseed and alfalfa-leaf meals were used, they generally constituted 
5 percent of the diet of the pigs in the lowest weight group, 4 percent 
of that of the middle group, and 3 percent of that of the highest 
weight group. 

The diets fed were grouped in five series and are shown in table 1. 
In series A, particular attention was given to the effect of minerals on 
the production of lameness. As shown in the table, group 2 received 
a low mineral diet, and group 8 received a supplement of manganese 
chloride. Oats were used in group 6 in part because of their relatively 
high manganese content. Group 5 was given access to a small un- 
paved area of natural clay soil free of vegetation to determine whether 
the lacking element or elements in the diet could be obtained from the 
soil. Skim milk, green forage, and liver were fed in part for their min- 
eral content but more in a search for a natural feed that would be con- 
sistently protective against the disease. The green forage consisted of 
both freshly cut green soybeans and alfalfa. It was estimated that 
the quantity fed corresponded to approximately 5 percent of the dry 
forage in the diet. 

In series B, the use of corn-gluten meal in place of tankage and 
alfalfa-leaf and linseed meals was prompted by the deficiency of the 
first-named feed in riboflavin, as indicated by early assays for vitamin 
G, and the desire to determine the possible role of riboflavin in the 
prevention of the disease. Oats were used in group 2 because of the 
favorable results obtained in series A. Liver was used in the next 
group for its high riboflavin content and also for its richness in other 
members of the vitamin B complex. In one group molasses was also 
used for its richness in certain factors, including vitamin Bs. Casein, 
washed with acidulated water and extracted with alcohol, was added 
in one group to improve the quality of protein mixture and as a con- 
trol on the other diets to which natural feeds were added. Fortified 
cod-liver oil was added to the diets of series B, as well as to those of 
series C and D, in order to provide an adequate supply of vitamins 
A and D in all rations regardless of composition and treatment. 
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TABLE 1.—Experimental set-up for the five series of tests 


SERIES A—BASAL MIXTURE OF CORN, TANKAGE, ALFALFA-LEAF MEAL, AND 
LINSEED MEAL 


Propor- 
Pig | | | tion of 
group | Trials | Pigs used in test | basal | Diet supplement or treatment 
No. | | mixture | 
| used 


| Percent | 

Spring and fall | 99.2 | Mineral mixture, 0.8 percent (stock control diet). 
| do | 100 | None. 
| do 100 | 5 pounds of skim milk per day. 
Spring ____- 100 | 1 pound of green forage per day.! 

do | 99.2 | Same as group 1; pigs on earth runway. 
| Spring and fall : | Oats, 30 percent. 
| Fall ? | Dried pork liver, 3 percent. 
RE TS : e 1 | | Manganese chloride, 72 p. p. m. 
| 
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SERIES B—BASAL MIXTURE OF CORN, CORN-GLUTEN MEAL, MINERAL MIXTURE, 
AND FORTIFIED COD-LIVER OIL 





..do : : 70 Oats, 30 percent. 

do____- ae 98 Dried pork liver, 2 percent. 
.-do oat 95.5 | Casein, 4.5 percent. 

. | Soa Ree, 85 | Molasses, 15 percent. 


| aves: et : 100 None. 
a 
| 
| 


1 
1 
1 
1 
1 





SERIES C—BASAL MIXTURE OF TANKAGE, MINERAL MIXTURE, AND FORTIFIED 
; COD-LIVER OIL 





2 | Spring and fall- | 13.1 | Corn, 86.9 percent. 

| ae a oa | 13.1 | Barley, 86.9 percent. 

2 | ee wet 13.1 | Wheat, 86.9 percent. 
| | | 





SERIES D—SIMPLE BASAL DIET OF CORN, TANKAGE, MINERAL MIXTURE, AND FOR- 
TIFIED COD-LIVER OIL OR STOCK CONTROL DIET OF ALFALFA-LEAF MEAL AND 
LINSEED MEAL ADDED TO SIMPLE BASAL DIET 





3/2 wee and 1 fall 100 | Simple, unheated (control). 
3 100 | Stock, unheated (control). 
2 | Spring and fall oh 100 Simple, heated. 
1 | Spring 100 | Stock, heated. 
| | Simple, heated, supplemented by— 
ay | g Corn-gluten meal, 10 percent. 
me, 7 Dry liver, 3 percent. 
Rice bran, 10 percent. 
: Dried whey, 7.7 percent. 
| | Stock, heated, supplemented by— 
| Spring. --_--- oe 5.3 Dried whey, 14.7 percent. 
| do cae 5.3 | Whey concentrate, 14.7 percent. 
do me E wa Wheat-germ oil, 1 percent. 


SERIES E—CURATIVE TRIALS ON VARIOUS DIETS 





1 | Fall__- Pea rel | 100 ls stock control, same as series D, No. 2. : 
| 1 |.._..do ae | 100 | I dried ne milk in place of tankage in series D, 
| | | | No ‘ 
1 [c_..o Z eee 100 | | pickets fed with groups 1, 2, 6, 7, and 8 in 
| | | | series A. 
| 





1 Alfalfa-leaf meal omitted from basal mixture. 


In series C, comparison was made of corn, barley, and wheat, when 
constituting a high percentage of the diet, for the prevention of 
lameness. 

In series D, the basal diet and a simplification of it, in which the 
linseed ‘and alfalfa-leaf meals were omitted, were subjected to dry 
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heat at 115°-120° C. for 40 hours in the case of the former diet and 30 
hours in the latter. Poultry-nutrition studies have shown that a 
factor or factors essential for the nutrition of the chick are destroyed 
by the heat treatment. The dermatitis produced by the feeding of a 
heated diet has been cured or prevented by the feeding of the vitamin 
B complex fraction designated as the filtrate fraction, and recent work 
has been reported (5) on the protective properties of pantothenic acid. 
Apparently, thiamin, riboflavin, vitamin B,, and possibly nicotinic 
acid are not inactivated or destroyed by the heat treatment. At the 
time that the first trials on the feeding of heated diets were planned 
(1938), it seemed evident that the factors just named were also not 
involved in the lameness derangement in pigs. In series D, as indi- 
cated in table 1, various supplements were used with the heated diets. 
The whey concentrate used in group 10 was prepared in the labora- 
tories of the Bureau of Dairy Industry. In obtaining this product, 
whey from rennet-coagulated curd was evaporated and approximately 
two-thirds of the lactose allowed to crystallize out. Cod-liver oil 
was added to all diets at the time that new supplies of feed were placed 
in the self-feeders. 

In series E, three groups of pigs are included that were segregated 
from the herd or from record-of-performance lots after definite signs 
of lameness had developed and were fed in an endeavor to determine 
whether cures or alleviation of symptoms could be obtained. One 
group received the stock diet, another a modified stock diet in which 
dried skim milk replaced the tankage, and the third consisted of a 
litter of five pigs that had been distributed among 5 lots in series A. 

The pigs were kept on the test diets for periods of 12 to 24 weeks. 
As the experiments progressed, it was found that symptoms of lameness 
and incoordination were generally easily detected within a 12-week 
feeding period; consequently, the test period was shortened in later 
experiments. The mixed diets were self-fed and the consumption of 
each lot recorded. The pigs were weighed and examined weekly. A 
scoring system was set up by which to record the relative severity of the 
disease. Entire absence of symptoms was scored as 0; initial signs of 
lameness, as 1; more advanced lameness with tendency to weakness in 
pasterns and peculiar motion of rear legs, as 2 (fig. 1, A); definite 
incoordination shown by weaving motion and the throwing forward of 
the rear legs, also difficulty in rising and tendency to sit on the haunches, 
as 3; marked symptoms of those enumerated as 3, in which the animal 
had great difficulty in walking and frequently collapsed, as 4; and 
extreme paralysis, in which the animal was barely able to rise or to 
move about with the forelegs, as 5 (fig. 1, B). 

At the conclusion of the feeding period, the animals from most of 
the groups were slaughtered for laboratory studies. Samples taken 
included blood for erysipelas tests, (made by the Pathological Divi- 
o— of the Bureau); also nerve and spinal cord tissue and the femur 
ones. 

A histological study of the sciatic nerve and spinal cord of approxi- 
mately 95 animals was made. Several peripheral nerves of the first 
few animals studied were sectioned for examination, but in the later 
work only the sciatic nerve and the spinal cord were taken for routine 
study since these tissues show the degeneration consistently when the 
other nerves are involved. The samples of nerve tissue were removed 
from the warm carcasses immediately after slaughter, and sections were 
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Figure 1.—A, Pig showing incoordination in the use of the hind legs. B, Pig 
with extreme paralysis, which developed while the animal was fed the heated 
diet No. 3 in series D. 


prepared for study by the Marchi method. This procedure consists in 
placing the fresh tissues in a solution of potassium dichromate until 
the normal myelin is largely oxidized and then transferring to a water 
solution of osmium tetroxide and potassium dichromate to oxidize 
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A, Longitudinal section of the sciatic nerve from a typical animal with advanced 
locomotor incoordination showing massive demyelination of nerve fibers (black 
globular areas); B, longitudinal section of the sciatic nerve from a normal 
animal showing intact myelinated fibers. 





Relation of Diet of Swine to Locomotor Incoordination PLATE 2 


A, Longitudinal section of a dorsal column of spinal cord from a partially para- 
lyzed pig showing degeneration of myelinated tracts; B, longitudinal section of 
a dorsal column of the spinal cord from a normal animal showing normal 
medulated fibers; C, cross section of A; D, cross section of B. 
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further the degenerated myelin and ordinary adipose tissue. Oxida- 
tion of the products of the degenerated myelin sheaths results in a 
deposition in these areas of a lower oxide from reduced osmium 
tetroxide, which is black in color. The tissues were embedded in 
celloidin or paraffin, then cut and mounted in the usual way. The 
slides were either counterstained or examined directly for myelin 
degeneration, as shown by the globular black areas in plates 1 and 2. 
The absence, presence, and severity of myelin degeneration were scored 
on a numerical basis paralleling the method of scoring the live animals 
for lameness. 

Supplementary to the hog-feeding experiments, a number of rat- 
feeding comparisons were made to determine the possible dietary 
deficiencies of the heated diets from the standpoint of rate of growth 
and feed utilization. 


EXPERIMENTAL RESULTS 


GROWTH OF PIGS AND INCIDENCE OF LAMENESS 


Table 2 shows the results obtained with the pigs on the various 
series of diets. In series A, the animals in all eight groups grew at 
normal rates and remained on the diets until most of them weighed more 
than 200 pounds. As shown in the table, every group contained at 
least 1 affected animal. Of a total of 77 sls 27 showed signs of 
lameness and incoordination. To a large extent, the cases were of a 
mild form. Perhaps the most striking result was the high incidence 
among the pigs fed green forage. The animals of this group (No. 4), 
like those of group 2, did not receive a mineral mixture, and the 
affected animals in these two groups showed a greater degree of lameness 
than those in any of the other groups. 

Oats and dried liver were reasonably effective supplements. The 
former was fed as 30 percent of the diet, which is considered near the 
maximum for the most efficient utilization. 

Most of the animals used in series A consisted of litters from the 
spring and fall farrows of 1937, many of which were selected from the 
inbred stock suspected as being predisposed toward the development 
of lameness. The data indicate that little was gained from the use of 
such stock to accentuate the effects of ordinary diets on the incidence 
and severity of incoordination. This finding has been confirmed by 
subsequent results with pigs representing a large number of lines of 
breeding and showing a varying incidence of incoordination from 
season to season. 

In series B, the results obtained show rather definitely that the use 
of corn-gluten meal did not render the diets less effective in prevent- 
ing lameness and incoordination. No affected pigs were found in 
either the control group or the group receiving oats, and only one mild 
case was recorded in each of the remaining groups. Growth on the 
control diet was poor. Although the rates of gain were highest with 
the feeding of liver and of casein, growth was still subnormal. Oats 
increased gains somewhat and molasses only slightly. 

In series C, the three groups, regardless of the supplement fed, 
had similar rates of gain and final weights. The lowest incidence, 
as well as degree, of lameness was observed in the group receiving 
the barley supplement. 
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TABLE 2.—Growth and incidence of lameness of groups of pigs on the five series 
of diets 


SERIES A.—BASAL MIXTURE OF CORN, TANKAGE, ALFALFA-LEAF MEAL, AND 
LINSEED MEAL 








| Average weight | | | Aver- 

Pig | | a) eee | Sed | age 
ee | — . | | | age per 100 ; | score 

— Pigs Diet supplement or treatment | daily | pounds ani | for 
agi | | Battal | Final | gain | of gain | lame- 


| Number Po 
Mineral mixture; control diet - 3. 
| None he k 6 14 : si. | 5 | 
| Skim milk erect ati | 43.5 | 206.6 eS 344.3 3 | 
Green forage | 3. 198.8 - 46 425, 8 | 
| Same as group 1; pigs ‘on earth run- } } | 
way ma 39.4 | 229. 
Oats 3 c 5.8 | 219. 
| Liver SS cpa ube 54. 213. ¢ 
5 | Manganese oa ars 54. 218. 


SERIES B.—BASAL MIXTURE OF CORN, CORN-GLUTEN ME PAL, MINERAL MIXTURE, 
AND FORTIFIED COD-LIVER OIL 








5 | None 55.8 | 132. 50 | 543.4 | 
5 | Oats 55. 6 38. 6 7 467.3 | 
5 | Liver : 57. 209. 2 ; 376.3 | 
5 | Casein. -_-.. -- 61.é A 9 438.1 | 
5 | Molasses es : : 56.8 | 152.8 .f 569. 2 | 





SERIES C.—BASAL MIXTURE OF TANKAGE, MINERAL MIXTURE, AND FORTIFIED 
COD-LIVER OIL 











| ord | 
1 | lfc = ° | 67.8] 208.8 1.52 | 369.8 | | 0. 86 


2) [4 0 Seo | 81.4} 208.2 1.63 | 388.5 | 04 
3 | 13 Wheat ‘ sate Ph gen 81.3 | 208.2 1.59 | 370.8 | 42 








SERIES D.—SIMPLE BASAL DIET OF CORN, TANKAGE, MINERAL MIXTURE, AND 
FORTIFIED COD-LIVER OIL OR STOCK CONTROL DIET OF ALFALFA-LEAF MEAL 
AND LINSEED MEAL ADDED TO SIMPLE BASAL DIET 





7 | Simple, unheated (control) - ea © 211.8 
7 | Stock, unheated (control) | 62. 230. 
2] Simple, heated... - |} 63.6] 115.6 
| Stock, heated ____- | 65.8 | 66.2 
Simple, heated, supplemented by— 
Corn-gluten meal, 10 percent |} 87. 
Dry liver, 3 percent ea ie Ye 
Rice bran, 10 percent- 58.5 | 
Dried whey, 7 7.7 percent 60.0 
Stock, heated, supplemented by— 
Dried whey, 14.7 percent _- 
Whey concentrate, 14.7 percent_. . 99 | B 
Wheat-germ oil, 1 percent. ___- 0. .31 | 810. 
{ 


SERIES E.—CURATIVE TRIALS ON VARIOUS DIETS 








| lA verage weight | Lameness scores 


Pig | Aver- | Feed 

* Ee : macemon mamasces We oe |... c.... Seoene perme 
gd Pigs | | daily | pounds iste: 
oer Initial | Final | gain | gain | “yii, | End 





| 

Number Pounds | Pounds | Pounds | Pounds 

Same as series D, No. 2 83.8 | 146.0 0.8 3 2.6 

5 | Dried skim milk in Pha of tankage 
in series D, No. 2_- 109.2 | 204.2 1. 64 383. 6 2.2 

Animals fed with groups 1, 2, 6, 7,8 
in series A 70.8 | 215.0 1.85 | 380.2 














1 Daily consumption per pig approximately 1.95 pounds. 
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In series D, groups 1 and 2, the controls fed the unheated diets, 
grew normally but showed a seemingly high incidence of lameness, 
particularly group 1. The feeding of the unsupplemented heat- 
treated diets resulted in lameness and incoordination in varying 
stages in all 18 animals fed. Growth was also retarded in all pigs 
and in fact stopped in group 4. This group was on test for an average 
of 78 days. One animal died and others appeared near death as the 
experiment closed. 

The supplements used stimulated growth in varying degrees. 
Dried pork oer, fed at a level of 3 percent, was very effective, and the 
commercial dried whey product, fed with the simple diet at a level of 
7.7 percent, produced nearly as good growth. The whey concentrate, 
which was fed at a level approximating 210 cc. of fresh whey to 85 
gm. of heated diet, was insufficient to prevent lameness completely 
although none of the three affected animals showed advanced inco- 
ordination. Of the five supplements used, wheat-germ oil was entirely 
ineffective in prevention of lameness, whereas the corn-gluten meal, 
liver, rice bran, and whey products were all moderately effective 
at the levels fed. The striking results obtained with the heated diet 
in the production of lameness, together with the protection afforded 
by these supplements when added to the heated diet, leave little 
doubt of the nutritional origin of the disease. 


CURATIVE TESTS 


In series E, the diets fed to the three groups of affected animals 
that had been segregated from their litter or lot mates failed to cure 
the lameness and incoordination. The results are shown in table 2. 
Although there was a minor improvement in the average scores of 
groups 1 and 3, the average of all three groups shows no improvement. 
The 5 pigs in group 2, which received dried skim milk, showed a 
decided increase in the severity of the disease. The failure of the 
curative tests may be due to the limited degree to which regeneration 
of nerve tissue can take place in the animal body. 


RAT-FEEDING EXPERIMENTS 


The rat-feeding experiments, the results of which are given in 
table 3, showed that the growth of rats was retarded by the heat 
treatment of the diets almost as much as it was in the pigs. The 
simple unheated diet, as used in pig series D, group 1, produced 
significantly poorer growth than the stock diet. In turn, the animals 
on the heated simple diet were retarded in growth and required more 
feed per unit of gain than those on the unheated diet. 

The lack of a marked response from the addition of 5 percent of 
casein, extracted with water and dilute alcohol, indicates that quality 
of protein was not the limiting factor. Alfalfa-leaf meal fed at a 5- 
percent level, wheat germ at 10 percent, and rice bran at 5 percent 
appeared to be more effective supplements than the casein. When 
the daily allowance of rice bran was 1 gm. per day, or approximately 
8 percent of the total food intake, the growth rate was nearly as great 
as when the unheated diet was fed, and was greater than for the wheat- 
germ supplement, of which the daily intake also averaged 1 gm., 
although constituting 10 percent of the diet. In the feeding of frac- 
tions of the rice bran, it was found that the filtrate fraction remaining 
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after the thiamin, riboflavin, and vitamin B, had presumably been 
removed by adsorption treatments was the most effective preparation 
of the series. Neither thiamin nor riboflavin preparations were of 
material benefit, thus supporting the findings with the rice-bran 
absorbate preparation that neither of these vitamins was a limiting 
factor in growth. 


TABLE 3.—Results of rat-feeding experiments on the heated pig diets of series D with 
various supplements 


SK | | | 
Rat |Rats used | Average | Feed per 








group |in experi- Diet fed gainin 12) gram of 
No. | ments weeks gain 
| | | 
| Number Grams | Grams 

8 | Simple, unheated (control) -_________- ee Efe 144.9 | 7.15 
2 8 | Stock, unheated (control) _- Ses f 185.1 | 6. 55 
3 14 | Simple, heated eee eee 68.7 | 9. 92 

Simple, heated, supplemented by — } 

4 6 Casein, 5 percent ica Teg : Rar aa 86.3 | 7. 58 
5 6 Alfalfa-leaf meal, 5 percent. - eee : 100. 2 | 7.37 
6 6 Linseed meal, 5 percent ______ ciel aa ae 89.7 8.29 
7 6 Wheat germ. 10 percent _- ik woe 96. 2 | 8.49 
8 4 Rice bran, 5 percent > 98.0 7. 96 
9 4 Rice bran, 8 percent 2 3 138.3 | 7. 22 
10 4 Rice bran, absorbate ae : 96.0 | 8. 03 
11 4 Rice bran, eluate __- : | 86.5 | 9. 92 
12 4 Rice bran, filtrate 5 | 135.5 | 7.75 
13 6 Liver extract eats ily RR | 164.7 6.33 
14 6 | Whey concentrate : ee oe a | 145.8 | 6.45 
15 6 Thiamin, 30 micrograms per week.______- | 80.3 | 8.71 
16 6 | Riboflavin, 105 micrograms per week | 76.0 | 9.19 








Liver, and to a less extent the whey concentrate, as prepared in the 
Bureau of Dairy Industry, were effective in promoting better growth 
than the unheated diet. The results as a whole appear to support the 
data presented by various workers that a factor of factors found in the 
so-called filtrate fraction obtained in the separation of the vitamin B 
complex are destroyed by prolonged dry-heat treatment. 


HISTOLOGICAL STUDIES OF TISSUES OF PIGS 


Histological examinations of tissues of pigs showed that a degenera- 
tion of the myelin sheaths in certain peripheral nerves and the spinal 
cord was probably a primary factor in the development of the locomotor 
symptoms evidenced in lameness and incoordination. As the work 
progressed, the similarity of the lesions to those reported by the Iowa 
investigators (2) and to those of Wintrobe and coworkers (8) became 
evident. 

The nature of the degenerative changes in the myelin sheath of nerve 
fibers of the sciatic nerve and the spinal cord, as shown by the Marchi 
procedure, is illustrated in plates 1 and 2. Varying degrees of degen- 
eration were found, sometimes involving only an occasional nerve fiber 
or tract and sometimes widespread areas. 

The degenerative changes in the spinal cord were confined princi- 
pally to the dorsal columns and dorsal nerve roots, although some 
demyelination was found in the ventral columns also. The dorsal 
columns of the cord are made up principally of ascending branches 
from the dorsal root fibers, and they convey posture, locomotor, and 
other sensations. An interruption of conduction in these tracts will 
lead to incoordination and finally a complete inability to walk, depend- 
ing on the extent and location of the degeneration. 












nat 


sco 
for 
inv 
the 
not 
in | 
ind 
the 
pig 


bet 
die 


de 


tic 
in 
fu 
dr 
ge 
ve 
Wl 


ar 


nl 

















Mar. 1, 1941 Relation of Diet of Swine to Locomotor I neoordination 313 





Table 4 presents a summary of the results of the ee exami- 
nations expressed numerically and of the outward symptoms of loco- 
motor involvement as shown by the lameness score. The average 
scores for the outward symptoms are in general agreement with those 
for the nerve examinations. In most instances, the number of animals 
involved are not greatly different for the two scoring indices. Besides 
the animals included as having definite lesions, a number of others 
not included in the table had slight changes, from the normal structure, 
in the sciatic nerve and spinal cord, a condition which may or may not 
indicate early lesions. Even the unheated stock diet protected less 
than two-thirds of the animals. The finding of abnormalities in the 
pigs receiving green forage is confirmed by the histological studies on 
10 animals. The data on this group indicate a condition intermediate 
between those on the unheated simple diet and those on the stock 
diet. The heated diet resulted in the greatest amount of spinal-cord 
degeneration, just as it did in general incoordination. The addition 
of dried whey in group 8 of series D prevented the extreme degenera- 
tion noted in group 3 of that series, and the higher level of whey used 
in group 9 was even more effective. Although the whey concentrate 
furnished considerable protection, it did not appear to be equal to the 
dried whey on an estimated liquid-whey basis. The addition of wheat- 
germ oil to the heated stock diet was of little if any avail in the pre- 
vention of lameness or of nerve degeneration. Rat tests showed the 
wheat-germ oil to be reasonably potent as a source of vitamin E, and 
it seems unlikely that the substances which confer vitamin E activity 
are involved in the nerve degeneration in question. 


TABLE 4.—Results of histological examinations on nerve tissues compared with data 
on incoordination 





Histological data on— 
Incoordination |_ 





| | data 
| : : Sciatic nerve Spinal cord 
. — | Jiet treatment or | Pigs a REN ai i erie 
Series | No supplement used | 
| : Pigs | 5. Pik Pics 
| | | Pigs Aver: with Aver with Aver- 
| | | affected | ®8° | definite | 8 | definite | °° 
| score | jesions | SCPC | jesions | Score 
‘2St pee ee BREE: Serer nee ad Rae 
| \Nu mber| Number | | Number | Number | 
A | 4 | Green forage _- 10 6 | 0.85 | 7} 1.00} 11. 2 
B | 1 | Control, corn- -gluten meal. 4 1 |} 0} .00) ee 1 . 50 
B 2 | Oat supplement - a | 1 | 0; .00 0; .00} 0 | . 00 
B 3 | Dried pork-liver supplement _| 1 0| .00 0| .00 | 0| .00 
B 5 | Molasses eapplennent a 2 | it ee i ere 1 3 
Cc 2 | Barley- ----- 6 | 1 . 08 Oilcz 0 |. 
Cc 3 | Wheat goa 6 | 4| .50} 3 . 50 | 4 . 67 
dD 1 | Simple, ‘unheated- seit 15 | 12 1.00 | a: RO 14 1.47 
Dy 2 | Stock, unheated_____- | 16 | 6| .44| A ee 7 . 56 
Dd | 3 | | Simple, heated _- pated 12 | 12| 2.59 | 1313597 4 12| 3.42 
D | 4 | Stock, heated_-__. be 14 | 4|\ 2.63 4| 3.00 | 4| 3.50 
D 8 | Simple, heated, “ supple- | | | | | | | 
| mented with dried whey__| 6 | ; pee. | 3} 1.83 | 4} 1.00 
| Stock, heated, supple- | | | | 
| mented with— | | | 
D 9 | Dried whey ae 6 | i -.488 2) 8a. | 2)|5 50 
D 10. | Whey concentrate. _____| 6 | 2; .80 3} 1.00} a3 Soar 
ee | 4| 1.13 3| 1.75 | | 


Wheat-germ oil... ______| 14 4| 2.00 





1 Two additional animals died near the close of the experiment in adv met stages of paralysis, and no 
histological studies were made. 
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A comparison of the results for groups 2 and 3 of series C, which 
received barley and wheat respectively, with those for group 1 of 
series D, which received corn as the principal ingredient of the dict, 
showed that wheat proved little different from corn but that barley 
conferred a high degree of protection. Among the pigs examined, 
those fed barley and those fed corn-gluten meal were the only ones 
that showed no definite cases of nerve degeneration. A limited num- 
ber of rats from the experiments already described were examined for 
myelin degeneration. Animals fed the heated diet with the cod-liver 
oil fed in separate dishes showed degeneration, and at least one of six 
animals showed evidences of incoordination. 


DISCUSSION 


From the results thus far obtained, it seems reasonably certain that 
the locomotor symptoms and evidences of nerve and spinal-cord 
degeneration that have been found are similar to those reported by 
other investigators. However, Eveleth and Biester (2) concluded that 
the incoordination and myelin degeneration were caused by different 
etiological agents since severe incoordination was not always associated 
with advanced myelin degeneration. In some of their experiments, 
the feeding of diets deficient in vitamin A resulted in development of 
incoordination but only mild nerve degeneration. 

Wintrobe and associates (8) describe demyelination in the peripheral 
nerves, the posterior root ganglia, and the posterior (or dorsal) columns 
of the spinal cord. Animals showing the degeneration had manifested 
“a, peculiar slapping gait” and “were particularly awkward in turning.”’ 
In the advanced stages, the animals became less active and sat with the 
hind legs sprawled in unnatural positions. The animals received an 
artificial diet from an early age, and the evidence pointed to a dietary 
deficiency of one or more components of the vitamin B complex other 
than thiamin or riboflavin. 

In the present experiments, it was possible to control the production 
of the disease, within limitations, by the use of natural feedstuffs and 
thereby clarify some of the questions raised by the other investigators. 
Unlike the findings of the lowa group (2), the results of the present 
work show a rather close association of incoordination with myelin 
degeneration. It seems apparent that the locomotor symptoms devel- 
oped following the degeneration of fibers in the nervous system. 

Thus far, repair of the degenerated fibers accompanied by disap- 
pearance of the symptoms of incoordination has not been observed. 
However, this result does not seem to be unusual, since a highly potent 
protective diet was not tested on the affected animals and regeneration 
of nerve tissue in the animal body is limited. 

The finding that diets of the type commonly used in hog feeding, 
when subjected to heat treatment, will produce the disease has made 
it possible to study the problem in greater detail and with more 
certainty than formerly. There seems to be little doubt that the 
symptoms in live animals and myelin degeneration found histologi- 
cally are similar in animals on heated diets and animals frequently 
affected on so-called normal diets. Heating of the diets undoubtedly 
destroyed or inactivated a nutritive factor or factors that are in some 
way related directly or indirectly to the nutrition of nerve fibers. 
Failure of animals to grow normally on the heated diets suggests that 
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more than one nutritive factor may be destroyed by heating. Ob- 
servations on the growth of lame animals fed on unheated diets, 
including the stock or record-of-performance diet, as compared with 
normal animals under the same conditions, indicate that lame animals C - 
are frequently but not necessarily slower in rate of growth. Accord- 
ingly it is possible that the myelin-degeneration-preventive material 
is different from the growth factor destroyed by heating. 

The results obtained on the heated diets have strengthened the 
opinion already expressed that breeding as a factor in predisposing 
the animals toward development of lameness is of much less concern 1 
than was at one time suspected. The absence of any serious cases 
of lameness in a number of litters from stock that had shown a high 
incidence in earlier work has contributed to this opinion. 
: Interference with normal bone development as a factor in the 
l development of lameness has been eliminated by some work on the i 
, ash content of the femur bones.’ However, the data on percentage 
7 of ash in the fat and moisture-free bone showed no relation to lameness 
( 


a ed es 


2) a 


or to diet. Another phase of the studies, namely, incidence of swine 
erysipelas, has been given some attention. Results of serological 
tests on blood serums, carried out in the laboratories of the Patholog- 
f ical Division of the Bureau, showed frequent positive cases of erysipelas, 
but there was no association of this disease with incoordination. 


l However, lameness resulting from diseased joints due to erysipelas 
; infections may be confused with the initial signs of incoordination 
| due to dietary deficiency. 
, The identity of the lameness- and nerve-degeneration-preventive 
factor is still obscure. Evidently it is not present in large quantities 
1 in the usual swine feeds. Results suggest that barley and oats may 
be more effective preventives than corn and wheat. Liver, skim 
7 milk, whey, rice bran, and corn-gluten meal are among the feeds 


tested that possessed considerable value yet at the levels fed were not 
1 effective in all animals. 


1 SUMMARY 

. The experimental work herein reported was carried on at the 
t United States Department of Agriculture, Beltsville Research Center, 
a Beltsville, Md., from the spring farrow of 1937 through the spring 


farrow of 1939. The pigs were generally placed on experiment at 
10 to 12 weeks of age and were kept on test for 12 to 24 weeks. The 


és disease, which frequently occurs among pigs confined in small pens 

. with concrete floors, is characterized by incoordination in the use of 

t the legs, abnormal posture, and lameness. 

n The diets used were prepared from the general supply of feeds pur- 
chased for use in swine feeding at Beltsville. The stock diet con- ; 

5 sisted of No. 2 yellow corn, digester tankage of 60-percent protein 

e content, linseed meal, alfalfa-leaf meal made from sun-cured hay, and 

e a mineral mixture. Various supplements or replacement feeds were 

e used, being chosen because of known or supposed mineral, vitamin, 

1- or protein value or as contrasting feeds for those replaced in the stock 

y diet. 

y Myelin degeneration of the nerves and spinal cord was demonstrated 

ie in the affected animals. The extent of degeneration was in general 

- parallel with the severity of incoordination. 

L 


3 Unpublished data. 
312154—41 
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When the normal diets were heated at 115°-120° C. for 30 to 49 
hours, incoordination and myelin degeneration were generally produced 7 
in all animals. Heating greatly increased the incidence and severity © 
of the disease. The incidence of the disease was high on stock diets 7 
commonly used for growing and fattening hogs. 

Supplemental or replacement feeds incorporated into the basie 
diets, including the heated diets, gave favorable results in some cases 
although complete protection was infrequent. Of the various feed 
materials investigated, liver, concentrated milk products, barley, and 
oats afforded the greatest protection. 

Animals that did not receive a mineral supplement in the diet 
tended to show a greater degree of lameness than those receiving such 
a supplement. 

The results indicate a deficiency disease of nutritional origin. 
The dietary factor appears to be present in variable or insufficient 
quantities in many of the feeds commonly used in hog feeding and is 
destroyed or inactivated by dry-heat treatment. 
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